Dynamic and thermal response finite element models of multi-body space structural configurations by Edighoffer, Harold H.
~ ~~ 
* &  
NASA Contractor Report I 78289 
Dynamic and Thermal Response 
Finite Element Models 
of Multi-body Space 
Structural Configurations 
(HASA-CB-178269) C Y N A B X C  AIL 2EIGLIABL Ne7-247CE 
BESPCYSE P I N I l E  EIEMER!I BCCELZ C E  PIULTI-BCDY 
SPACE S'PEUCTUfiAL C C L P l G t i R A l l C b S  E i n a l  Report 
( E d i g h o f f e r )  156 I; A v a i l :  hllS bC b08/ffP Unclas  
a" A l - 1  ZSCi 2GK G3y-39 6 0 3 O j j 5  
Harold H. Edighof fer 
EDIGHOFFER, INC 
307 Wendwood Drive 
Newport News, VA 23602 
Contract NAS1-17210 
April 1987 
National Aeronautics and 
Space Administration 





DYNAMIC AND THERMAL RESPONSE FINITE ELEMENT MODELS 
OF MULTI-BODY SPACE STRUCTURAL CONFIGURATIONS 
Harold H .  Ed ighof fe r  
C o n t r a c t  NAS1-17210 
P r e s e n t e d  is s t r u c t u r a l  dynamics model ing of two mult i -body s p a c e  
s t r u c t u r a l  c o n f i g u r a t i o n s .  The f i rs t  c o n f i g u r a t i o n  is a g e n e r i c  s p a c e  
s t a t i o n  model of a c y l i n d r i c a l  h a b i t a t i o n  module,  two so la r  a r r a y  
p a n e l s ,  radiator p a n e l  and c e n t r a l  c o n n e c t i n g  cube.  The  second 
c o n f i g u r a t i o n  is a 15 meter hoop column a n t e n n a .  T e s t  and a n a l y t i c a l  
e i g e n v a l u e s  for  b o t h  c o n f i g u r a t i o n s  are  r e f e r e n c e d .  D i scussed  is t h e  
s p e c i a l  j o i n t  e l i m i n a t i o n  sequence used fo r  these I a r g e  f i n i t e  e lement  
models, so t h a t  e i g e n v a l u e s  could be e x t r a c t e d .  
and a n a l y s i s / t e s t  data c o r r e l a t i o n .  The model c o n s i s t e d  of s i x  f i n i t e  
e l emen t  models, o n e  of each s u b s t r u c t u r e  and o n e  of a l l  s u b s t r u c t u r e s  
as  a sys tem.  S t a t i c  a n a l y s i s  and t es t s  a t  t h e  s u b s t r u c t u r e  l e v e l  f i n e -  
t u n e d  t h e  f in1 t e  element  models. 
s L r u c t u r d  r i n g  i n t e r c o n n e c t e d  with t e n s i o n  s t a b i l i z i n g  cables. T o  t h e  
cab le s ,  p re t env ioned  mesh membrane e l emen t s  were at tached t o  form f o u r  
p a r a b o l i c  shaped  a n t e n n a e ,  o n e  per q u a d r a n t .  Imposing thermal preload3 
i n  t h e  c a b l e s  clnd mesh e l emen t s  produced p r e t e n s i o n  i n  t h e  f i n i t e  
e l emen t  model. Thermal p r e l o a d  v a r i a t i o n  i n  t h e  n i n e t y  s i x  c o n t r o l  
cables w w  a d j u s t e d  LO m a i n t a i n  an tenna  s h a p e  wiLhin t h e  r e q u i r e d  
t o l e r a n c e  dnd t o  g i v e  p r o p e r  p o i n t i n g  a c c u r a c y .  
The g e n e r i c  s p a c e  s t a t i o n  model a i d e d  t e s t  c o n f i g u r a t i o n  d e s i g n  
The 15 meter hoop column antenna is a t r u s s  column and a 
i 
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SUMMAH Y 
The purpose of t h i s  paper is t o  present the recent application of 
s t ruc tura l  modeling of a generic space s t a t ion  t e s t  configuration and a 15 
meter hoop column antenna ut i l iz ing the Engineering Analysis Language (EAL)  
f i n i t e  element program, Ref. 1 .  
The technical areas of interest  are: 
1 .  Development of t h e  generic: space s ta t ion  f i n i t e  element model. 
2.  Development of t h e  15 meter hoop column antenna f i n i t e  element 
model. 
3. Development of the j o i n t ,  elimination sequence order that  was ' 
required t o  reduce the large number of degrees-of-freedom EAL models t o  
manageable computational s ize .  
4. Comparison of derived frequencies and mode shapes wi th  t e s t .  
The f i rs t  section of t h i s  report discusses the development of the 
generic space s ta t ion  f i n i t e  element model. 
of the goneric space ytation model see Hef. 10. 
For a more detailed description 
The second section ot' t h i s  report discusses the development of the 15 
meter hoop column f i n i t e  element model. T h i s  includes the de t a i l s  of the 
full 8816 degree of freedom model and the reduced 996 degree of freedom 
model. 
?he t h i r d  section of t h i s  report discusses the jo in t  elimination 
sequence order used for  the generic space s ta t ion  model and for  the 15 meter 
hoop column antenna. 
1 
The f o u r t h  s e c t i o n  of t h i s  r e p o r t  compares t h e  dynamic r e s p o n s e  da ta  
from t e s t  w i t h  the a n a l y t i c a l  data  f o r  the  g e n e r i c  s p a c e  s t a t i o n  model and 
for  Lhe 15 meter hoop column a n t e n n a .  Shape control t e s t  and a n a l y t i c a l  
data for  t h e  15 meter hoop column a n t e n n a  is  i n c l u d e d  i n  t h i s  s e c t i o n .  
R e s u l t s  ind ica te  t h a t  t h e  EAL models g i v e  good agreement  between 
a n a l y t i c a l  and measured da ta .  I n  b o t h  models ,  t h e  s t a t i c  test  d a t a  was 
found t o  b e  u s e f u l  i n  d e f i n i n g  some of t h e  f i n i t e  e l emen t  i n p u t  data .  Also, 
the  j o i n t  e l i m i n a t i o n  sequence  order was found to  be i m p o r t a n t  i n  order t o  
perform t h e  e i g e n v a l u e  s o l u t i o n  of large f i n i t e  e lement  models u s i n g  EAL. 
2 
GENERIC SPACE STATION MODEL 
V e r i f i c a t i o n  of s p a c e  s t a t i o n  s t r u c t u r a l  dynamic mathematical models 
e 
r e q u i r e s  c a r e f u l  a n a l y s i s  and  ground t e s t i n g .  
t he  s p a c e  s t a t i o n  c o n c e p t u a l  c o n f i g u r a t i o n ,  Ref. 1 ,  may d e f y  c o n v e n t i o n a l  
The s ize  and  f l e x i b i l i t y  of 
t e s t i n g  of assembled f l i g h t  hardware.  V e r i f i c a t i o n  of the a n a l y s i s  must be 
performed through ground tests of scale models and /o r  f u l l  scale 
s u b s t r u c t u r e s .  Even so,  these ground test  a r t i c l e s  may be q u i t e  * l e x i b l e .  
The i n t e r a c t i o n  of t h i s  f l e x i b i l i t y  w i t h  t h e  s u s p e n s i o n  sys t em,  which is 
v e q u i r e d  t o  react g r a v i t y  loads,  may lead t o  u n c e r t a i n t i e s  i n  t h e  ground 
tes t  r e s u l t s .  
The v i b r a t i o n  c h a r a c t e r i s t i c s , o f  a s t r u c t u r e  c a n  be  affected d u r i n g  
ground t e s t i n g  by a number of f a c t o r s  such  as s u s p e n s i o n  sys t em r e s p o n s e ,  
r e s i d u a l  g r a v i t y  e f fec ts  and  ambient  a i r  l o a d i n g .  Suspens ion  s y s t e m s  add 
s t i f f n e s s  t o  t h e  s t r u c t u r e  and  o f t e n  resul t  i n  c o u p l i n g  of low f requency  
s t r u c t u r a l  modes and  s u s p e n s i o n  system modes. G r a v i t y  loads c a n  e i ther  
i n c r e a s e  or decrease t h e  overall s t i f f n e s s  of a s t r u c t u r e .  Ambient a i r  has 
b o t h  a n  d p p a r e n t  mass effect  and a viscous damping effect .  Scale model 
t e s t i n g  reduces t h e  magnitude of these effects;  however, j o i n t s  and  o t h e r  
key components of s t r u c t u r e s  are  d i f f i c u l t  t o  scale due  t o  minimum gage dnd 
t o l e r a n c e  r e s t r i c t i o n s .  
The  N A S A  Langley Research Center has  a c o n t i n u i n g  program t o  improve 
ground t e s t  and  a n a l y s i s  methods for e x t r a c t i o n  o f  t h e  v i b r a t i o n  
charac te r i s t ics  of s t r u c t u r e s .  As p a r t  of  t h i s  program, a g e n e r i c  dynamic 
model has  been des igned  and  fabricated t o  assess t h e  a c c u r a c y  of a n a l y s i s  
and t e s t  methods c u r r e n t l y  used i n  ground v i b r a t i o n  t e s t i n g .  The 
c o n f i g u r a t i o n  of t h e  test model is a multi-body sys t em c o n s i s t i n g  of f i v e  
3 
s u b s t r u c t u r e s .  The s u b s t r u c t u r e s  are  a semi-monocoque c y l i n d r i c a l  
h a b i t a t i o n  module, a s q u a r e  honeycomb sandwich r a d i a t o r  p a n e l ,  two l o n g  
s l e n d e r  honeycomb sandwich so l a r  a r r a y s  and  a c o n n e c t i n g  cube .  The 
i n t e r f a c e s  among t h e  f o u r  f u n c t i o n a l  s u b s t r u c t u r e s  and  t h e  c o n n e c t i n g  cube  
are  i d e n t i c a l  a l l o w i n g  comple t e  i n t e r c h a n g e a b i l i t y  for  d i f f e r e n t  
c o n f i g u r a t i o n s .  
This r e p o r t  describes t h e  a n a l y L i c a 1  models used t o  p r e d i c t  t h e  
s t r u c t u r a l  response .  The f i n i t e  e lement  models used for  p r e d i c t i o n  of t e s t  
da t a  a r e  d e s c r i b e d  i n  more d e t a i l  i n  Ref.  10.  
4 
INTHODU CTI ON 
L 
Prior t o  the design of the space s t a t ion  reference configuration, Ref. 
1 ,  numerous space s t a t ion  concepts were evaluated. Typical among these 
concepts was the Space Operation Center (SOC), Ref. 2. The SOC 
configuration consisted of cylindrical modules, so la r  array and radiator  
panels and interconnecting tunnels. 
the SOC configuration t o  form a generic model as  shown i n  Fig. 1 .  
Photographs of the generic model a re  shown i n  Ref. 10. The model generality 
was maintained by designing each substructure w i t h  common interfaces .  T h i s  
scheme permitted the wbstructuqes t o  be rearranged t o  form different  
configurations. The substructures dre attached wi th  quick release marmon 
clamps. Marmon clamps allow each of the functional substructures to  be 
rotated re la t ive  t o  the connecting cube and resu l t  i n  additional 
configuration f l ex ib i l i t y .  
The s t u d y  herein used t h e  e l inents  Of 
I 
The design of the substructure dimensions and s t i f f n e s s  was based on the 
expected use of the model. The intent was t o  simulate the general vibration 
character is t ics  of scaled space s ta t ion models. Although no scale  factor 
could be chosen i n  the absence of a f u l l  scale design, the frequencies of 
f u l l  scale components could b c  estimated by preliminary calculations as 
shown i n  Ref. 3. The estimated f u l l  scale fundamental f lex ib le  body 
frequencies dre 
Habitation Module = 10. Hz 
Had i a  t or a 1. Hz 
Solar arrays = 0.1 Hz 
5 
To s i m u l a t e  a dynamical ly  scaled model, t h e  v i b r a t i o n  f r e q u e n c i e s  of  t h e  
model a r e  i n c r e a s e d  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  scale factor .  The 
substructures  of t h e  t e s t  model were d e s i g n e d  w i t h  a n  approx ima te  dynamic 
scale factor  of 1/10. Thus,  model s u b s t r u c t u r e  f r e q u e n c i e s  were chosen  i n  
t h e  r a n g e  of one  o r d e r  of magnitude greater  t h a n  P u l l  scale.  
T h e  model h a b i t a t i o n  module is a re la t ive ly  s t i f f  s u b s t r u c t u r e  ( f l = l O O  
Hz) and a c t s  a3  a r i g i d  body r e l a t ive  t o  t h e  o the r  s u b s t r u c t u r e s .  S i n c e  
p r e l i m i n a r y  c a l c u l a t i o n s  showed minimal changes  i n  s t i f f n e s s  d u e  t o  i n t e r n a l  
p r e s s u r e ,  t he  h a b i t a t i o n  module was n o t  p r e s s u r i z e d  d u r i n g  a n a l y s i s  or t e s t .  
The rad ia tor  panel  i s  a s t r u c t u r e  of moderate s t i f f n e s s  ( f l = 1 0  Hz) whereas 
t h e  s o l a r  a r r a y s  a re  q u i t e  f l e x i b l e  ( f l = l  Hz) .  The solar  a r r a y s  were 
c o n s t r u c t e d  w i t h  s i x  n e a r l y  s q u a r e  honeycomb sandwich p a n e l s  t h a t  were 
b o l t e d  t o g e t h e r  a t  t h e i r  tongue-and-groove i n t e r f a c e  j o i n t s .  T h i s  
c o n s t r u c t i o n  a l l o w s  f l e x i b i l i t y  t o  add o r  remove p a n e l s  t o  change t h e  
f r e q u e n c y  of t h e  s o l a r  a r r a y s  as des i red .  The c o n n e c t i n g  cube  used t o  
a t tach  t h e  assemblage is ve ry  s t i f f  ( f  =3UO tlz) and c a n  be treated a s  r i g i d .  1 
A major  des ign  c o n s i d e r a t i o n  was t h e  a b i l i t y  t o  t e s t  and c o r r e l a t e  w i t h  
a n a l y s i s  t h e  s u b s t r u c t u r e s  s e p a r a t e l y  and as a n  a s semblage  of s u b s t r u c t u r e s .  
The modular concept descr ibed  above p e r m i t s  these tes t s  p r o v i d e d  a ground 
test  s u s p e n s i o n  system c a n  be d e s i g n e d  t o  p r e v e n t  o v e r s t r e s s  of the 
s t r u c t u r e s  d u e  t o  their  own weight. Two s u s p e n s i o n  s y s t e m s  were d e s i g n e d  
f o r  t h e  tes ts .  First, a b a c k s t o p  f i x t u r e  wi th  a marmon clamp i n t e r f a c e  was 
d e s i g n e d  t o  permit  each s u b s t r u c t u r e  t o  be  attached t o  a b a c k s t o p  for  s t a t i c  
and dynamic c a n t i l e v e r  tes ts .  The second s u s p e n s i o n  sys t em c o n s i s t e d  of 
cables attached t o  t h e  s u b s t r u c t u r e s  a t  s t r a t e g i c  l o c a t i o n s  t o  s imula te ,  
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as far  as  p o s s i b l e ,  free-free boundary c o n d i t i o n s .  Cable s u s p e n s i o n  was 
used d u r i n g  each s u b s t r u c t u r e  test and d u r i n g  the assemblage tests. 
The f i n a l  c o n s i d e r a t i o n  of  t he  d e s i g n  was t o  p e r m i t  the  a b i l i t y  t o  s l u e  
t h e  solar arrays. 
produce s u b s t a n t i a l  v i b r a t i o n s  i n  f l e x i b l e  structures. For  example,  Ref. 4 
S l u i n g  is a l a rge -ang le  t r a n s i e n t  maneuver tha t  c a n  
describes the  s l u i n g  r e sponse  of  f l e x i b l e  beam-like s t r u c t u r e s .  The solar 
array s u p p o r t  s t r u c t u r e s  were hinged so t h e  solar arrays c o u l d  be  r o t a t e d  
out -of -p lane  180 d e g r e e s .  However, a l l  modal v i b r a t i o n  tests were performed 
w i t h  t h e  s o l a r  arrays locked  i n  t h e  p o s i t i o n  shown i n  F i g .  1 and 2.  
V i b r a t i o n  s u p p r e s s i o n  tests have been performed u s i n g  t h e  r o o t  t o r q u e  motor 
as an  a c t u a t o r .  
The assembled g e n e r i c  model 11s shown i n  Ref. 10 suspended i n  t h e  NASA 
Langley Research Cen te r  16-meter vacuum chamber. The structure schematic, 
shown i n  F i g .  1 ,  i n d i c a t e s  t h e  p r i n c i p a l  d imens ions  and d e s i g n  f e a t u r e s .  
The assembled c o n f i g u r a t i o n  weighs about  195 pounds. 
t o - t i p  w i d t h  of  t h e  model is 348.60 i n c h e s  and the  o v e r a l l  l e n g t h  is 144.31 
The s o l a r  p a n e l  t i p -  
i n c h e s .  A l l  of t h e  major components a re  made from 6061-T6 aluminum. 
rrldterial was s e l e c t e d  becduve of e a s e  of  f a b r i c a t i o n ,  c o s t ,  and h i g h  
s t r e n g t h - t o - w e i g h t  r a t i o .  T h e  25.75 i n .  diameter by 68.61 i n .  l ong  
h a b i t a t i o n  module has  a 0.032 i n .  t h i c k  s k i n  and is a semi-monocoque 3-bay 
r i n g  s t i f f e n e d  c y l i n d e r  w i t h  c o n i c a l  ends.  The s o l a r  arrays are  made of  s i x  
n e a r l y  s q u a r e  aluminum honeycomb sandwich p a n e l s  t ha t  are b o l t e d  t o g e t h e r  a t  
t h e  tongue-and-groove j o i n t  i n t e r f a c e s  t o  make a t o t a l  pane l  s i z e  of 150.47 
i n .  by 25.24 i n .  The r a d i a t o r  is  a s i n g l e  46.75 i n .  s q u a r e  aluminum 
honeycomb sandwich pane l  oriented 90 d e g r e e s  r e l a t i v e  t o  the  p l a n e  o f  t he  
solar p a n e l s .  The connec t ing  cube c o n s i s t s  of a framework of  welded 
s t i f f e n e r s  w i t h  six i n t e r f a c e  rings a l l  of t h e  same size f o r  
T h i s  
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i n t e r c h a n g e a b i l i t y  s o  t h a t  s u b s t r u c t u r e s  c a n  be attached t o  any of the  s i x  
s ides .  
For a more d e t a i l e d  d e s c r i p t i o n  of t h e  s u b s t r u c t u r e  hardware and 
fabr ica t ion  d e t a i l  see Ref. 10. Data c o n t a i n e d  i n  Ref. 10 may be used  t o  
d e t e r m i n e  exac t  d imens ions .  Also, mass i n f o r m a t i o n  f o r  t h e  e x p e r i m e n t a l  
model may be  o b t a i n e d  i n  t h e  mass p r o p e r t i e s  s e c t i o n .  
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SPACE STATION ANALYTICAL MODEL 
The Eng inee r ing  A n a l y s i s  Language (EAL) f i n i t e  e l emen t  program, Ref. 5, 
was chosen  t o  s t u d y  and  e v a l u a t e  the  g e n e r i c  model v i b r a t i o n  modes and  
n a t u r a l  f r e q u e n c i e s .  Prestressed v i b r a t i o n  a n a l y s i s  was per formed t o  
i n c l u d e  g r a v i t y  load effects. Six a n a l y t i c a l  models were deve loped ,  o n e  for  
the  assemblage  of s u b s t r u c t u r e s  and one  for  each s u b s t r u c t u r e .  The 
assemblage model is formed by r i g i d l y  c o n n e c t i n g  the s u b s t r u c t u r e  models a t  
t h e  a p p r o p r i a t e  i n t e r f a c e  nodes.  Assemblage model i n t e r f a c e  nodes  and  
s u b s t r u c t u r e  i n t e r f a c e  nodes  have i d e n t i c a l  g r i d  p o i n t  numbers. 
F igure  2 shows t h e  undeformed s h a p e  of t h e  a n a l y t i c a l  EAL s p a c e  s t a t i o n  
model w i t h o u t  t h e  cable suspens;on s y s t e m .  F i g u r e  3 shows t h e  model d i v i d e d  
i n t o  i ts  f i v e  s u b s t r u c t u r e  models and  a l so  i n d i c a t e s  t he  d e g r e e  of g r i d  
r e f i n e m e n t  used. The assembled model has 621 g r i d  p o i n t s  w i t h  3725 d e g r e e s  
of freedom. T h e r e  are  652 beam e lements ,  2 rod e l e m e n t s ,  56 three-node  p l a t e  
e l e m e n t s ,  and  472 four-node p l a t e  e l emen t s .  R i g i d  l i n k  o f fse t s  have been 
used t o  model beam members whose n e u t r a l  a x i s  was o f f s e t  from t h e  g r i d  p o i n t  
l o c a t i o n s .  The o r i g i n  of the  g loba l  c o o r d i n a t e  sys t em f o r  the  assemblage 
model is l o c a t e d  a t  t h e  c e n t e r  of t h e  connec t ing  c u b e  w i t h  t h e  p o s i t i v e  1- 
a x i s  i n  t h e  d i r e c t i o n  of' t h e  r i g h t  s o l d r  a r r a y  and  t h e  p o s i t i v e  3 -ax i s  i n  
t h e  dir 'ection of t h e  r a d i a t o r  as shown i n  F i g .  2 .  
The g r i d  p o i n t  l o c a t i o n s  are d e f i n e d  for  each model i n  Hef. 10. The 
comple t e  t a b u l a t i o n  of a l l  of the  g r i d  p o i n t  l o c a t i o n s  c a n  be found i n  
Tables 1-5 of Kef. 10. The p l a t e ,  beam, and  rod e l e m e n t s  t h a t  c o n n e c t  these 
g r i d  p o i n t s  are also d e f i n e d  f o r  each s u b s t r u c t u r e .  The EAL s e c t i o n  
p r o p e r t i e s  of t h e  beam e l e m e n t s  a r e  shown i n  Ref. 10. The assemblage  model 
w i l l  be descr ibed  i m p l i c i t l y  dur ing  t h e  d i s c u s s i o n  of t h e  f i v e  s u b s t r u c t u r e  
models. I f  there  is a n  e l emen t  i n  s u b s t r u c t u r e  A and a n o t h e r  e l emen t  i n  
s u b s t r u c t u r e  B a t  a common i n t e r f a c e ,  t h e  assemblage  model has b o t h  the  A 
and B e l emen t s  a t  t h i s  i n t e r f a c e .  
H a b i t a t i o n  Module 
The first s u b s t r u c t u r e  model d iscussed  is t h e  three-bay h a b i t a t i o n  
module. The h a b i t a t i o n  module was modeled i n  d e t a i l  so  t h a t  i t  would b e  
a v a i l a b l e  fo r  f u t u r e  s t a t i c  a n a l y s i s  and p r o v i d e  accurate mass p r o p e r t i e s .  
The l o n g i t u d i n a l  s t a t i o n  l o c a t i o n  of t h e  p l a t e  e l e m e n t s  and  r i n g s  a r e  shown 
i n  F i g .  4 .  The o v e r a l l  l e n g t h  is 68.61 i n .  and t h e  maximum c y l i n d e r  
diameter is 25.57 i n .  The two end diameters are 6.50 i n c h e s .  The 
l o n g i t u d i n a l  s t a t i o n  l o c a t i o n s  are measured i n  the  n e g a t i v e  3 - d i r e c t i o n  from 
t h e  o r i g i n  which is located a t  t h e  c e n t e r  of t he  c o n n e c t i n g  cube.  
There a r e  e i g h t  r i n g s ,  each modeled as 16 s t r a i g h t  beam e l e m e n t s  a round 
the  c i r cumfe rence  a t  each of t h e  e i g h t  l o n g i t u d i n a l  s t a t i o n s  shown i n  F i g .  
4 .  A l l  t h e s e  r i n g s ,  e x c e p t  t h e  two end r i n g s ,  are i n t e r n a l  t o  t h e  0.032 i n .  
t h i c k  s k i n .  The two end r e c t a n g u l a r  r i n g s  a t  s t a t i o n  -8.20 and  -76.81 
r e p r e s e n t  t h e  l i p  of t he  marmon clamp and t h e  s t i f f n e s s  of one  h a l f  t h e  
marmon clamp. The two r e c t a n g u l a r  c r o s s - s e c t i o n  r i n g s  a t  t h e  i n t e r s e c t i o n  
of t h e  s m a l l e r  end  c y l i n d r i c a l  s e c t i o n  and t h e  c o n i c a l  s e c t i o n  a t  s t a t i o n  - 
10.00 and  -75.01, r e p r e s e n t  t h e  t a p e r e d  p a r t  of t he  machined end  r i n g  t h a t  
mates  with t h e  c o n i c a l  s e c t i o n .  The two a n g l e  r i n g s  a t  t h e  i n t e r s e c t i o n  of 
t h e  c o n i c a l  s e c t i o n s  and  t h e  c e n t e r  c y l i n d r i c a l  s e c t i o n ,  a t  s t a t i o n  -18.89 
and -66.12, r e p r e s e n t  t h e  t ape red - f l ange  a n g l e  of t h e  i n t e r n a l  s p l i c e  r i n g .  
The two c e n t e r  i n t e r n a l  tee  r i n g s  a t  s t a t i o n  -34.63 and  -50.38, i n  t he  
c y l i n d r i c a l  s e c t i o n  r e p r e s e n t  t h e  s t a b i l i z i n g  r i n g s .  
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The p l a t e  e l e m e n t s  c o n s i s t  of 0.032 i n .  t h i c k  r e c t a n g u l a r  p l a t e  elements 
i n  t h e  c e n t e r  c y l i n d r i c a l  p o r t i o n  and  0.032 i n .  t h i c k  t r a p e z o i d a l  p l a t e  
e l e m e n t s  i n  t h e  two c o n i c a l  s e c t i o n s .  The 0.100 i n .  t h i c k  p l a t e  e l e m e n t s  a t  
each e n d  r e p r e s e n t s  t he  wall t h i c k n e s s  of the c y l i n d r i c a l  p o r t i o n  of the 
machined end  r i n g  t h a t  has t h e  marmon clamp l i p  a t  one  end and  a c o n i c a l  
r i n g  c r o s s - s e c t i o n  a t  the other end. 
Connect ing  Cube 
The second EAL s u b s t r u c t u r e  model t o  be d i s c u s s e d  is t h e  c o n n e c t i n g  cube  
shown i n  F i g .  5 .  The o r i g i n  of t h e  g l o b a l  c o o r d i n a t e  sys t em is a t  t h e  
g e o m e t r i c  c e n t e r  of the connect ing  cube .  The g r i d  p o i n t s  on each f a c i n g  of 
t h e  cube  are  l o c a t e d  6.40 i n .  from t h e  o r i g i n  and  r e p r e s e n t  t h e  c e n t e r  l i n e  
of t h e  0.064 i n .  t h i c k  s k i n .  Each c y l i n d e r  e x t e n d s  1.80 i n .  from :he cube 
f a c i n g  so t h a t  t h e  a t t a c h m e n t  i n t e r f a c e s  are 8.20 i n .  from the  o r i g i n .  The 
model has  s i x  a t t a c h m e n t  c y l i n d e r s  t h a t  have the i r  g r i d  p o i n t s  located on a 
6.50 i n .  diameter. I n  F i g .  5, the  a f t ,  t o p  and l e f t  faces are shown. Some 
of t h e  g r i d  p o i n t s  are shown. 
There a re  s i x  clamp r i n g s  l o c a t e d  8.20 i n .  from t h e  o r i g i n  on each of 
t h e  s i x  faces. There are 16 r e c t a n g u l a r  beam e l e m e n t s  located a t  each 
i n t e r f a c e  l o c a t i o n .  A t  t h e  i n t e r s e c t i o n  of t h e  f a c i n g  and t h e  a t t a c h m e n t  
c y l i n d e r  there is a second ring of r e c t a n g u l a r  beam e l e m e n t s  t h a t  r e p r e s e n t s  
the  r i n g  flange of t h e  machined connec t ing  c y l i n d e r  subassembly.  The 
c y l i n d r i c a l  p o r t i o n  of t h i s  subassembly is r e p r e s e n t e d  i n  the model by 
s i x t e e n  0.100 i n .  t h i c k  p l a t e  e lements .  
Along each of t h e  t w e l v e  edges there are a n g l e  beam e l e m e n t s  used  t o  
s u p p o r t  t he  0.064 i n .  t h i c k  s k i n .  Also, there are 24 i n t e r n a l  I-beam 
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bending S t i f f e n e r s .  Four  of these bending s t i f f e n e r s  connec t  t h e  r i n g  on 
each of Lhe s i x  f a c e s  t o  t h e  edge beams. On the  a f t  face there a re  4 I 
beams connec t ing  g r i d  p o i n t s  500 t o  402, 504 t o  406, 508 t o  410 and 496 t o  
398. T h i s  1 beam ar rangement  s t i f f e n s  t h e  e n t i r e  c o n n e c t i n g  cube  so t h a t  i t  
can  w i t h s t a n d  t h e  g r a v i t y  induced  bending l o a d s  when t h e  s u b s t r u c t u r e s  are 
a t tached  t o  the c o n n e c t i n g  cube  which is attached t o  t h e  backs top .  
There are 96 p l a t e  e l e m e n t s ,  s i x t e e n  on each face,  c o n n e c t i n g  t h e  r i n g  
beam members t o  t h e  edge  beam members as shown i n  F i g .  5. T h i s  f i g u r e  shows 
t h e  l o c a t i o n  of t h e  96 a t t achmen t  c y l i n d e r  p l a t e  e l e m e n t s ,  s i x t e e n  on each 
s ide  of t h e  connec t ing  cube.  On the  a f t  face t h e  first row 382,  383,  e tc .  
is a t  t h e  clamp r i n g  8.20 i n .  from t h e  o r i g i n  w h i l e  t h e  second row 398, 399, 
e tc .  is  a t  t h e  r i n g  6.40 i n .  from t h e  o r i g i n .  There are 4 t r i a n g u l a r  
s t i f f e n e r s  normal t o  each face,  f o r  a t o t a l  of 24.  
Radiator 
The t h i r d  EAL s u b s t r u c t u r e  model t o  b e  d i s c u s s e d  is t h e  radiator  model 
shown i n  F i g .  6.  As p r e v i o u s l y  s t a t e d ,  the  o r i g i n  of the  g l o b a l  c o o r d i n a t e  
system is a t  t h e  c e n t e r  o f  t he  connec t ing  c u b e ,  n o t  shown. The i n t e r f a c e ,  
a t  s t a t i o n  8.20, h a s  t h e  same 6.40 i n .  diameter as the c o n n e c t i n g  c u b e  and  
has t h e  same g r i d  p o i n t s .  The 2.15 i n .  long  truss s u p p o r t  c y l i n d e r  is 
r e p r e s e n t e d  by s i x t e e n  p l a t e  e l emen t s  between s t a t i o n  8.20 and 10.35. From 
s t a t i o n  10.35 t o  20.75, t he  t u b u l a r  t r u s s  s t r u c t u r e  is  modeled w i t h  s i x  beam 
elements .  The aluminum sandwich honeycomb radiator  i s  46.75 i n .  s q u a r e  and  
subd iv ided  i n t o  64 f i v e  l a y e r  p l a t e  e l emen t s  as shown i n  F i g .  6.  T h e r e  are  
beam e l e m e n t s  around the f o u r  edges  t o  r e p r e s e n t  t h e  s t i f f n e s s  of t h e  
aluminum honeycomb edge s t i f f e n e r s .  The b a s e  beam a l o n g  s t a t i o n  20.75 is a 
‘I 
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stiff T-shaped beam to  which t h e  t u b u l a r  t r u s s  r i n g s  are welded and t o  which 
t h e  sandwich honeycomb p a n e l  i s  a t t a c h e d .  T h i s  beam is modeled u s i n g  e i g h t  
beam e lemen t s .  Around t h e  other three sides, the smaller sandwich aluminum 
edge members are a l l  the same and are r e p r e s e n t e d  by 24 beam e l e m e n t s  i n  the 
f i n i t e  e l emen t  model. 
The 64 radiator sandwich  honeycomb p l a t e  e l e m e n t s  are shown. The f i v e  
l a y e r  l a m i n a t e  p l a t e  e l e m e n t s  have t h e  same d imens ions  th rough  t h e  t h i c k n e s s  
as shown i n  F i g .  8. The same honeycomb sandwich was used  for  t h e  radiator  
and  t h e  solar  a r r a y s .  These  l a y e r s  c o n s i s t  of t h e  two 0.020 i n .  t h i c k  
f a c i n g s ,  t h e  two 0.007 i n .  t h i c k  a d h e s i v e  l a y e r s  and  the  c e n t e r  honeycomb 
core. The t o t a l  t h i c k n e s s  is 0.260 i n .  Young's Modulus for the 6061-T6 
aluminum f a c i n g  was 10.OE+6 p s i  and fo r  the  0.007 i n .  a d h e s i v e  l a y e r s  t he  
v a l u e  of 3.0E+6 p s i  was used. The 5052 aluminum honeycomb core had a 0.125 
i n .  hex c e l l  s i z e  and  a 0.001 in .  wall t h i c k n e s s  and  c o n t r i b u t e d  little to  
the  t o t a l  bending  s t i f f n e s s .  The re fo re ,  the  e x t e n s i o n a l  s t i f f n e s s  and  
bending s t i f f n e s s  of t h e  c o r e  was set e q u a l  t o  z e r o  and  wi th  t h e  above 
p r o p e r t i e s ,  t h e  e f f e c t i v e  adhesive t h i c k n e s s  of 0.007 i n .  was c a l c u l a t e d  
from s t a t i c  bending test  d a t a .  
The  r d d i a t o r  sandwich edge and b a s e  beam c o n f i g u r a t i o n s  c o n s i s t  of t h e  
e i g h t  T-shaped base beam e l emen t s  t h a t  are 2.00 i n .  wide and  the  24 
r e c t a n g u l a r  edge beam e l e m e n t s  t h a t  ex tend  around t h e  o t h e r  three s ides .  
The r a d i d t o r  t r u s s  and r i n g  beam e lemen t s  and t h e i r  c o n n e c t i n g  g r i d  
p o i n t  l o c a t i o n s  a re  shown i n  Fig. 6. The re  a re  6 t u b u l a r  t r u s s  beam 
e l e m e n t s  c o n n e c t i n g  the  r i n g  at s t a t i o n  10.35 w i t h  t h e  base beam a t  s t a t i o n  
20.75. There a re  16 r e c t a n g u l a r  beam e l e m e n t s  r e p r e s e n t i n g  t h e  t r u s s  r i n g  
a t  s t a t i o n  8.20 and 16 r e c t a n g u l a r  beam e l e m e n t s  r e p r e s e n t i n g  t h e  i n t e r f a c e  
r i n g  a t  s t a t i o n  10.35. The 16 p l a t e  e l emen t s  are 0.30 i n .  t h i c k  t o  
r e p r e s e n t  t h e  c y l i n d e r  wal l .  The g r i d  p o i n t s  a r e  located a t  t h e  c e n t e r  l i n e  
of t h i s  wal l  t h i c k n e s s  where t h e  r a d i u s  is 3.20 i n .  
R i g h t  S o l a r  Array 
The f o u r t h  EAL s u b s t r u c t u r e  model is t h e  r i g h t  s o l a r  array model shown 
i n  F i g .  7. The c o n n e c t i n g  c u b e - r i g h t  solar  a r r a y  i n t e r f a c e  is 8.20 i n .  i n  
t he  p o s i t i v e  1 - c o o r d i n a t e  d i r e c t i o n  from t h e  c e n t e r  of t h e  c o n n e c t i n g  cube. 
The s o l a r  array interface c o n s i s t s  of a c o n n e c t i n g  c y l i n d e r  w i t h  a bulkhead  
a t  t h e  end c l o s e s t  t o  t h e  s o l a r  array p a n e l s .  A 5.00 i n .  by 0.50 i n .  L- 
shaped b e a r i n g  and motor s u p p o r t  beam is f a s t e n e d  t o  t h i s  bulkhead.  
s h a f t ,  connected t o  t h e  motor  and s u p p o r t e d  by  two b e a r i n g s ,  is attached t o  
the so la r  array p a n e l  assembly th rough  a t u b u l a r  t r u s s  s t r u c t u r e .  The s i z e  
of t h e  s i x  bay panel assembly is 150.47 i n .  by 25.24 i n .  
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The connec t ing  c y l i n d e r  has a 3.625 i n .  r a d i u s  compared w i t h  t h e  3.25 
i n .  r a d i u s  of the  c o n n e c t i n g  cube.  To a c c o u n t  for  t h i s  d i f f e r e n c e  i n  
r a d i u s ,  t h e  solar a r r a y  c o n n e c t i n g  r i n g  g r i d  p o i n t s  were l o c a t e d  a t  a r a d i u s  
of 3.25 i n .  and t h e  c y l i n d e r  p l a t e  e lement  g r i d  p o i n t s  were connec ted  t o  a 
I 
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second row of g r id  p o i n t s  a t  a r a d i u s  of 3.625 i n .  The i n t e r f a c e  r i n g  g r i d  
p o i n t s  a r e  common f o r  t h e  c o n n e c t i n g  cube and t h e  r i g h t  so la r  array.  The 
r i n g  g r i d  p o i n t s  and t h e  c y l i n d e r  p l a t e  g r i d  p o i n t s  were c o n n e c t e d  by stiff 
radial  beam elements .  
The s i x  bay aluminum sandwich honeycomb p a n e l s  were s u b d i v i d e d  i n t o  24 
p l a t e  e l e m e n t s ,  f o u r  i n  each bay. There a re  beam e l e m e n t s  along the  f o u r  
edges and cross beam e l e m e n t s  a t  e v e r y  second p l a t e  j o i n t  t o  r e p r e s e n t  t h e  
s t i f f n e s s  of t h e  t o n g u e  and g r o v e  b o l t e d  j o i n t  t h a t  is used t o  a t tach  the  
s i x  b a y s  t o g e t h e r .  A f i v e  l a y e r  l a m i n a t e  p l a t e  e l emen t  was used as 
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i n d i c a t e d  i n  F i g .  8. These  l a y e r s  c o n s i s t  of the  two 0.020 i n .  th ick 
f a c i n g s ,  the two 0.007 i n .  th ick  adhes ive  l a y e r s  and  the  c e n t e r  honeycomb 
core. The total  t h i c k n e s s  is 0.260 i n ,  T h i s  is t h e  same sandwich  honeycomb 
c o n f i g u r a t i o n  used  i n  t h e  t h e  r a d i a t o r  model. 
The r igh t  solar  a r r a y  edge and c r o s s  beams c o n s i s t  of two T-shaped base 
beam e l e m e n t s ,  which are stiff 2.00 i n .  deep  beams, so t ha t  the d i s t r i b u t e d  
p a n e l  loads c a n  be t r a n s f e r r e d  to  t h e  t u b u l a r  t r u s s .  The 24 r e c t a n g u l a r  
edge beam e l e m e n t s  e x t e n d  a l o n g  t h e  two sides.  The t e n  (10) r e c t a n g u l a r  
cross beams r e p r e s e n t s  t h e  tongue  beam of one  of t h e  a d j a c e n t  bays  
wi th  the groove  beam of t h e  other a d j a c e n t  bay. The two end cross 
r e p r e s e n t  t h e  T-shaped tongue  beam a t  t h e  end df t he  l a s t  bay. 
The r i g h t  so la r  a r r a y  t r u s s ,  s h a f t  and  L s u p p o r t  beam e l e m e n t s  
combined 
beams 
and  t h e i r  
c o n n e c t i n g  
t r u s  s be am 
23.83 i n .  
T h e  a c t u a l  
g r i d  p o i n t  l o c a t i o n s  are shown i n  F i g .  9. There are f o u r  t u b u l a r  
e l e m e n t s  c o n n e c t i n g  the shaft a t  15.08 i n .  wi th  t h e  base beam a t  
There are f i v e  s q u a r e  s h a f t  beam e l e m e n t s  l o c a t e d  a t  15.08 i n .  
s h a f t  is s q u a r e  i n  t h e  c e n t e r  w i t h  a c i r c u l a r  cross s e c t i o n  
machined  a t  each end where t h e  b e a r i n g s  and motor a t t a c h m e n t s  are  l o c a t e d .  
There are s i x  r e c t a n g u l a r  beam e lements  r e p r e s e n t i n g  t h e  L s u p p o r t  beam. 
'This  beam has  a dep th  of 5.00 i n .  and a width of  0.50 i n .  and has a n  arm t o  
s u p p o r t  t h e  motor a t  g r i d  p o i n t  548 making i t  L shaped.  The  two b e a r i n g  
beam e l e m e n t s  from g r i d  p o i n t  542 t o  546 and 541 t o  5 4 4  had t h e  same c r o s s  
s e c t i o n  as t h e  s u p p o r t  beam. The r o t a t i o n  of t h e  shaft was modeled by 
d e f i n i n g  two g r i d  p o i n t s  a t  t h e  same b e a r i n g  l o c a t i o n  connec ted  by a zero 
l e n g t h  beam element .  These g r i d  p o i n t s  are circled i n  F i g .  9. The zero 
Length beam e lemen t  s t i f f n e s s  p r o p e r t i e s  are r e p r e s e n t e d  by a s t i f f n e s s  
m a t r i x  ( K ) .  A l l  of t h e  o f f -d i agona l  terms of K a re  set  e q u a l  t o  z e r o ,  
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whereas, t h e  d i a g o n a l  terms of K a r e  s e t  t o  z e r o  fo r  a pinned c o n n e c t i o n  o r  
t o  1.OE+9 l b / i n  f o r  a r i g i d  c o n n e c t i o n .  
The  first, b e a r i n g  has common g r i d  p o i n t  numbers 546 and 547 and t h e  
second b e a r i n g  has common g r i d  p o i n t s  544 and 545. The  three e x t e n s i o n a l  
and two of t h e  r o t a t i o n a l  d e g r e e s  of freedom have a d i a g o n a l  s t i f f n e s s  v a l u e  
of 1.OE+9 l b / i n  w h i l e  the  v a l u e  of z e r o  was used i n  the  d i r e c t i o n  where free 
r o t a t i o n  was a l lowed .  The model was a l so  c o n s t r u c t e d  so tha t  a t o r s i o n a l  
s p r i n g  c o u l d  be i n s e r t e d  a t  t he  moto r - sha f t  i n t e r f a c e  c o n n e c t i n g  g r i d  p o i n t s  
548 and 549. Again, these are common g r i d  p o i n t  l o c a t i o n s  connec ted  by a 
z e r o  l e n g t h  beam. 
There a r e  2 r e c t a n g u l a r  a t t a c h m e n t  s t i f f e n e r  beams t h a t  connec t  t he  
c e n t e r  l i n e  of t h e  L s u p p o r t  beam a t  g r i d  p o i n t  539 t o  t h e  b o l t  l o c a t i o n s  a t  
g r i d  p o i n t  538 and 540. These beams were added t o  i n t r o d u c e  t h e  p r o p e r  
l o a d s  i n t o  t h e  bulkhead shown i n  F i g .  10 a t  g r i d  p o i n t  538 and S40 where t h e  
bu lkhead  i s  b o l t e d  t o  t h e  L s u p p o r t  beam. The 0.50 i n .  t h i c k n e s s  is t h e  
t h i c k n e s s  of t h e  L s u p p o r t  beam and the  1.75 i n .  wid th  is set  e q u a l  t o  t h e  
l e n g t h  of the  beam. The two clamp s t i f f e n e r  beams r e p r e s e n t  two clamp 
a n g l e s  which were used t o  l o c k  t h e  s o l a r  a r r a y s  a t  90 degrees. These beams 
connec ted  t h e  bulkhead b o l t s  a t  g r i d  p o i n t  538 and 540 t o  the  shaf t  g r i d  
p o i n t  3 t o  r e s t r i c t  r e l a t i v e  r o t a t i o n  between the  s h a f t  and the  bu lkhead .  
The cable a t t achmen t  and  loop, beam are  desc r ibed  i n  the  Cable Suspens ion  
System s e c t i o n .  
The r i g h t  solar array s u p p o r t  bulkhead and s u p p o r t  c y l i n d e r  p l a t e  
e l e m e n t s  and their  c o n n e c t i n g  g r i d  p o i n t s  are  shown i n  F i g .  10. There are 
f o u r  four-node p l a t e  e l e m e n t s  and  s i x t e e n  th ree -node  p l a t e  e l e m e n t s  i n  t h e  
b u l k h e a d  t h a t  are 0.440 i n .  t h i c k .  
c o n n e c t i n g  g r i d  p o i n t s  are mapped i n  F i g .  10 s o  t h e  f i rs t  row of g r i d  p o i n t  
The s u p p o r t  c y l i n d e r  p l a t e  element  
16 
numbers r e p r e s e n t  t h e  c o n n e c t i o n  to  the bulkhead located 12.42 in .  from the 
o r i g i n  i n  the 1 d i r e c t i o n .  
figure. The second row OP g r i d  p o i n t  numbers are located a t  the  interface 
This row is d e s i g n a t e d  Ao,B o....Po i n  t he  
p lane  located 8.20 i n .  from the o r i g i n .  
i n  t h e  figure. A l l  g r i d  p o i n t s  a r e  located a t  a rad ius  of 3.625 i n .  
T h i s  row is d e s i g n a t e d  A I , B  i. . . . .P. 
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The i n t e r f a c e  r i n g  beams a r e  located 8.20 i n .  from the o r i g i n .  There 
are 16 c i r c u m f e r e n t i a l  beam elements  r e p r e s e n t i n g  the i n t e r f a c e  r i n g  and 
ha l f  of t h e  marmon clamp. These beam e lemen t s  connec t  the i n n e r  row of grid  
points t h a t  a r e  common w i t h  the connec t ing  cube i n t e r f a c e  grid p o i n t s .  There 
a r e  16 r a d i a l  beam elements t h a t  connec t  t h e  r i n g  beam e lemen t s  a t  a r a d i u s  
or 3.25 i n .  to  t h e  c y i i n a e r  p l a t e  e l emen t s  l o c a t e d  a t  a r a d i u s  of 3.625 i n .  
l i  
Lef t  S o l a r  Array 
The f i f t h  EAL s u b s t r u c t u r e  model is t h e  l e f t  s o l a r  a r r a y  model shown i n  
F i g .  1 1 .  T h i s  s u b s t r u c t u r e  is nea r ly  i d e n t i c a l  t o  t h e  r i g h t  s o l a r  a r r a y  
model shown i n  F i g .  '7 .  If t h e  r i g h t  s o l a r  array is r o t a t e d  180 d e g r e e s  
around t h e  g l o b a l  2 a x i s ,  t h e  l e f t  model i s  t h e  same a s  t h e  r i g h t  model 
e x c e p t  t h e  l o c a t i o r i  of t h e  motor dnd t h e  c a b l e  a t t achmen t  p o i n t s  a re  
p o i n t i n g  i n  t h e  wrong d i r e c t i o n  along t h e  3 a x i s .  The g r i d  p o i n t  loca t ions  
f o r  t h e  r i g h t  s o l a r  a r r a y  were gene ra t ed  us ing  t h e  r i g h t  s o l a r  a r r a y  
c o o r d i n a t e  sys tem while  t h e  g r i d  p o i n t  l o c a t i o n s  f o r  t h e  l e f t  s o l a r  a r r a y  
used t h e  l e f t  s o l a r  a r r a y  c o o r d i n a t e  system. The r i g h t  s o l a r  a r r a y  
c o o r d i n a t e  sys tem is rotated 90 degrees  abou t  t he  g l o b a l  2 ax is  wh i l e  t h e  
l e f t  s o l a r  array c o o r d i n a t e  system is rotated -90 d e g r e e s  about t h e  g l o b a l  2 
axis.  
SPACE STATION CABLE SUSPENSION SYSTEM 
To s u p p o r t  t h e  t e s t  models i n  a g r a v i t y  env i ronmen t ,  a cable s u s p e n s i o n  
system was used.  Free-free boundary c o n d i t i o n s  were desired; however, cable 
s u s p e n s i o n  systems p roduce  pendulum modes t h a t  c a n  c o u p l e  w i t h  f l e x i b l e  
model modes. P re l imina ry  a n a l y s i s  i n d i c a t e d  t h a t  t h e  f irst  f l e x i b l e  
s t r u c t u r a l  f r equency  of t he  g e n e r i c  model would b e  a b o u t  .5 Hz compared t o  
t h e  pendulum modes r a n g i n g  from .05 t o  .15 Hz. S i n c e  the  amount of dynamic 
c o u p l i n g  between s u s p e n s i o n  modes and s t r u c t u r e  modes is s t r o n g l y  i n f l u e n c e d  
by t h e  f r e q u e n c y  s e p a r d t i o n ,  Refs. 7 and 8, it, was f e l t  t h a t  t h e  s u s p e n s i o n  
s y s t e m  would a f f e c t  t h e  free-free s t r u c t u r e  v i b r a t i o n  character is t ics .  
T h e r e f o r e ,  t h e  suspens ion  sys t em was i n c l u d e d  i n  t h e  a n a l y t i c a l  models. The 
ph i losophy  was t o  test and c o r r e l a t e  w i t h  a n a l y s i s  a l l  t h e  modes i n c l u d i n g  
t h e  s u s p e n s i o n  modes and t h e n  d e t e r m i n e  the  free-free modes of t h e  s t r u c t u r e  
u s i n g  t h e  v e r i f i e d  a n a l y t i c a l  models. 
I n  t h e  tes t  program, two cables were attached t o  t h e  vacuum test  chamber 
c e i l i n g  and t h e  o t h e r  end was attached t o  t h e  model. Dimensions of t he  s u s -  
pens ion  s y s t e m  are shown i n  F i g .  12 .  Each cable was o f f s e t  49.25 i n .  from 
the  p o i n t  where the 3 a x i s  i n t e r c e p t s  t he  c e i l i n g  and had a t o t a l  l e n g t h  of 
572. i n .  The cables were nomina l ly  0.125 i n .  diameter s tee l  w i t h  h e l i c a l l y  
wrapped 3x7 s t r and  c o n s t r u c t i o n .  The cable d e n s i t y  was measured t o  be  
0.002447 l b l i n .  The  same C a b l e s  were used  for  t h e  assemblage tes t s  as fo r  
each of t h e  s u b s t r u c t u r e  t e s t s .  
I n  t h e  ana ly t ica l  models i t  was n e c e s s a r y  t o  i n c l u d e  t h e  d i f f e r e n t i a l  
s t i f f n e s s  of  t h e  s u s p e n s i o n  sys t em d u e  t o  the  g r a v i t a t i o n a l  l o a d i n g .  These 
cables were modeled as  r o d  e l e m e n t s  from t h e  f i x e d  a t t a c h m e n t  p o i n t s  a t  g r i d  
18 
p o i n t s  652 and 653 t o  t he  
a t t achmen t  g r i d  p o i n t s  f o r  t h e  s u b s t r u c t u r e  tests are i d e n t i f i e d  i n  Ref. 10. 
I n  t h e  assemblage model,  t h e  c a b l e  t o  model a t t a c h m e n t  was formed by 
model a t t achmen t  p o i n t s .  The cable t o  model 
l o o p i n g  the  cable around t h e  s o l a r  a r r a y  L s u p p o r t  beams, as shown in Fig. 
12. The cable l o o p  triangle ex tends  from g r i d  p o i n t  1 to g r i d  p o i n t  543 on  
the  r i g h t  L s u p p o r t  beam, shown i n  F i g .  9. I t  was d e t e r m i n e d  t ha t  t h e  l o o p  
t r i a n g l e  produced r o t a t i o n a l  s t i f f n e s s  i n  the p l a n e  of the t r i a n g l e .  'Thus, 
t h e  two cables of the  l o o p  were modeled as a s i n g l e  beam element  !'here the  
in -p lane  bending s t i f f n e s s  was s e t  e q u a l  t o  t h e  e f f e c t i v e  i n - p l a n e  s t i f f n e s s  
of t h e  cable loop t r i a n g l e .  I 
SPACE STATION MASS PKOPEKTIES 
The masses of t h e  a n a l y t i c a l  models were based or1 weight measurements of 
s e l e c t e d  par t s  and on a r e a  c a l c u l a t i o n s  from f a b r i c a t i o n  drawings .  Each 
complete  s u b s t r u c t u r e  a l s o  was weighed and t h i s  weight was compared w i t h  t h e  
a n a l y t i c a l  model we igh t s .  The  measured and a n a l y t i c a l  model weight  
comparison is given i n  T a b l e  1 .  The t o t a l  weight  of a l l  s u b s t r u c t u r e s  was 
measured t o  be  194.9 l b s  and t h e  a n a l y s i s  model p r e d i c t s  196.45 l b s .  
The assemblage model c e n t e r  of g r a v i t y  is l o c a t e d  on ly  0.334 i n c h e s  from 
t h e  o r i g i n ,  c l o s e  to  t h e  c e n t e r  of t h e  c o n n e c t i n g  cube. 
i n e r t i a  i n  mass u n i t s ,  l b - s e c  - i n ,  and c e n t e r  of g r a v i t y  
g l o b a l  c o o r d i n a t e  sys tem f o r  a l l  s i x  models a r e  g iven  i n  
2 
The mass moments of 
l o c a t i o n s  i n  t h e  
Tab le  2 .  
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15 METER HOOP COLUMN ANTENNA MODEL 
INTRODUCTION 
Verification of p re loaded  an tenna  s t r u c t u r a l  dynamic mathematical moOels 
requires c a r e f u l  a n a l y s i s  and ground test  methods. The v i b r a t i o n  
characterist ics of a n t e n n a  s t r u c t u r e s  c a n  be  affected d u r i n g  ground t e s t i n g  
by a number of factors  s u c h  a s  t h e  p r e l o a d  t e n s i g n ,  g r a v i t y  and  ambient  a i r .  
Preloads must be i n  s ta t ic  equ i l ib r ium.  These p r e l o a d s ,  p l u s  t h e  change  i n  
p r e l o a d s  due  t o  g r a v i t y ,  must be i n  agreement  w i t h  t he  p r e l o a d s  i n  t h e  test 
s t r u c t u r e .  
s t i f f n e s s  of  a s t r u c t u r e .  Ambient a i r  h a s  both a n  a p p a r e n t  mass effect  and  
a v i s c o u s  damping effect .  
G r a v i t y  loads can  eqther i n c r e a s e  or decrease the  o v e J a l l  
The N A S A  Langley Research Center has a c o n t i n u i n g  program t o  improve 
ground test and a n a l y s i s  methods  for  e x t r a c t i o n  of t h e  v i b r a t i o n  
character is t ics  of  structures. As p a r t  of t h i s  program, t h e  15 Meter tloop 
Column Antenna w i t h  i ts  f l e x i b l e  c h a r a c t e r i s t i c s  was used t o  assess t h e  
a c c u r a c y  of a n a l y s i s  and t e s t  methods c u r r e n t l y  used i n  ground v i b r a t i o n  
t e s t i n g .  The c o n f i g u r a t i o n  of the t e s t  model is a f o u r  q u a d r a n t  p a r a b o l i c  
a n t e n n a  t h a t  has shape  c o n t r o l  by a l t e r i n g  t h e  t e n s i o n  i n  t h e  c o n t r o l  
cables. The g r a p h i t e  and  q u a r t z  c a b l e s  are s t re tched  between t h e  outer hoop 
and  the  column mast. The mast is  a t r i a n g u l a r  t e l e s c o p i n g  t r u s s  
c o n s t r u c t i o n .  
T h i s  r e p o r t  describes t h e  a n a l y t i c a l  model of t h e  15 Meter Hoop C3Luuirm 
s t ructure .  The dynamic test and  a n a l y s i s  c o r r e l a t i o n  was reported i n  Ref'. 
13.  
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The 15 Meter Hoop Column Antenna model is shown i n  F i g .  13.  The d e s i g n  
o1 L I I ~  uimensions drid s t i f f n e s s  was baaed  on a sca le  model Lhat  c o u l d  be 
tes ted i n  e x i s t i n g  t e s t  f a c i l i t i e s .  The model is a r e l a t i v e l y  f l e x i b l e  
h e  t e l e s c o p i n g  s t r u c t u r e  ( f  2.07 Hz) with  a l a r g e  number of mesh modes. 1 
t r i a n g u l a r  t r u s s  mast has j o i n t  f l e x i b i l i t y  t h a t  c o u p l e s  w 
t r i p o d  s u p p o r t  t o  mast a t t a c h m e n t ,  making the  bending mode 
c o r r e l a t e  w i t h  t h e  f i n i t e  e l emen t  model. 
t h  t h e  f l e x i b l e  
d i f f i c u l t  t o  
The s u s p e n s i o n  s y s t e m  d e s i g n e d  t o  assimilate t h e  free-free v i b r a t i o n  
t es t  c o n s i s t e d  of a s i n g l e  cab le  attached t o  t h e  s t r u c t u r e  a t  a p o i n t  above 
t h e  c e n t e r  of g r a v i t y  o n  t h e  mast w i t h  a sleeve n e a r  t h e  t o p  of t h e  mast t o  
g i v e  t h e  model r o t a t i o n a l  s t a b i l i t y .  Although cable susperiviori c a n n o t  
c o m p l e t e l y  s i m u l a t e  free-free c o n d i t i o n s  t h e  a n a l y s i s  i n d i c a t e d  t h a t  good 
c o r r e l a t i o n  e x i s t e d .  
The deployment of the e x p e r i m e n t a l  model is shown i n  Kef. 1 1 .  The f u l l y  
deployed v i b r a t i o n  t e s t  c o n f i g u r a t i o n  model s u p p o r t e d  on t h e  t r i p o d  s u p p o r t  
is shown i n  F i g .  1 4 .  T h i s  s t r u c t u r e  schematic i n d i c a t e s  t h e  p r i n c i p a l  
components and  d e s i g n  features w i t h  t h e  t r i p o d  s u p p o r t .  
diameter of t h e  model is 295.273 i n c h e s ( l 5 m ) .  A l l  of t he  cables are  e i ther  
g r a p h i t e  o r  qua r t z .  The  hoop beam and mast truss e l e m e n t s  a r e  made of 
c o m p o s i t e  m a t e r i a l s .  The feed  mast is  a s teel  t r u s s  c o n s t r u c t i o n .  
The hoop r i n g  
The 15 meter hoop i s  made of compos i t e  c o n s t r u c t i o n  tha t  has  h i n g e s  
located a t  24 l o c a t i o n s  a t  15 d e g r e e  i n t e r v a l s  around t h e  hoop. The j o i n t s  
are p a r t i a l l y  f ixed  so  t h a t  t h e  j o i n t s  are  sof ter  i n  bending t h e n  t h e  basic 
r i n g  e l e m e n t s .  Because t h e  j o i n t  s t i f f n e s s  c o u l d  n o t  be tes ted ,  i t  was 
assumed t h a t  t h e  o v e r a l l  bend ing  s t i f f n e s s  was close t o  a stiff j o i n t  
c o n d i t i o n  s o  t h e  f i n i t e  e l emen t  model t rea ted  these j o i n t s  as f i x e d .  
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The f o l l o w i n g  s e c t i o n s  describe the  a n a l y t i c a l  model. The hardware i s  
descr ibed i n  Ref. 1 1 .  Mass i n f o r m a t i o n  for  t h e  e x p e r i m e n t a l  model may be 
o b t a i n e d  from T a b l e s  30 and  31. 
The E n g i n e e r i n g  A n a l y s i s  Language (EAL) f i n i t e  e l emen t  program, Ref. 5, 
was chosen  t o  s t u d y  and  e v a l u a t e  the 15 Meter Hoop Column model v i b r a t i o n  
modes and n a t u r a l  f r e q u e n c i e s .  Prestressed s t a t i c  and v i b r a t i o n  a n a l y s i s  
was performed. G r a v i t y  load e f f e c t s  were inc luded .  A n a l y t i c a l  models were 
deve loped ,  one for a 45 d e g r e e  segment and o n e  with t h e  comple t e  ;60 d e g r e e  
model. Unreduced models are l a b e l l e d  " f u l l "  i n  t h i s  r e p o r t  whi le  reduced 
degree of freedom models a p e  l a b e l l e d  '!reduced". A p r o c e d u r e  was used  t o  
reduce t h e  number of degrees-of-freedom i n  t h e  360 degree model. I n  
a d d i t i o n ,  there were three v a r i a t i o n s  of t h e  360 d e g r e e  model.  One is  
s u p p o r t e d  by t h e  t r i p o d  s u p p o r t  s tructure and  does n o t  c o n t a i n  t h e  feed 
mast; another is s u p p o r t e d  w i t h  t h e  t r i p o d  s u p p o r t  s t r u c t u r e  and  i n c l u d e s  
t h e  feed mast; and  a t h i r d  is  suppor ted  by a s t e e l  cable and  i n c l u d e s  t h e  
feed mast. 
I I  
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FULL ANALYTICAL MODEL 
F i g u r e  1 4  shows t h e  undeformed shape of t h e  f u l l  a n a l y t i c a l  EAL 15 
Meter hoop column model .  The f u l l  model w i t h o u t  t h e  feed mast h a s  2096 g r i d  
p o i n t s  w i t h  8816 degrees of freedom. T h e r e  a r e  286 beam e l e m e n t s ,  4664 r o d  
cable e l e m e n t s  and 2880 three-node  web membrane e l emen t s .  The o r i g i n  of t h e  
g l o b a l  c o o r d i n a t e  sys tem f o r  the  model is l o c a t e d  a t  t h e  c e n t e r  of t h e  
t r i a n g u l d r  truss column a t  t h e  ver t ica l  l o c a t i o n  47.016 i n .  below t h e  hoop 
wi th  t h e  Global 1 a x i s  i n  t h e  d i r e c t i o n  of t h e  z e r o  degree hoop l o c a t i o n ,  
t h e  Globa l  2 a x i s  i n  t h e  d i r e c t i o n  of t he  90 degree hoop l o c a t i o n  and  t h e  
Global 3 a x i s  up i n  t he  d i r e c t i o n  of t h e  feed mast as shown i n  F i g .  1 4 .  The 
3 l e g s  of the  tr ipod s u p p o r t  s t r u c t u r e  and  t h e  c o r n e r s  of t r i a n g u l a r  truss 
c o n s t r u c t i o n  are  l o c a t e d  a t  37.5 d e g r e e s ,  157.5 d e g r e e s  and 277.5 d e g r e e s  
r e l a t ive  t o  the z e r o  degree l o c a t i o n  on  the hoop. 
Each 90 degree  segment of i n - p l a n e  g r i d  p o i n t s  d e f i n e  a parabolic 
a n t e n n a  shape .  I n  t h i s  r e p o r t  t h e  f irst  parabolic s h a p e  from 0 t o  90 
degrees is c a l l e d  the A q u a d r a n t .  The I3 q u a d r a n t  is from 90 t o  180 d e g r e e s ,  
t h e  C q u a d r a n t  is from 180 t o  270 degrees and t h e  D q u a d r a n t  is from 2'10 t o  
360 d e g r e e s .  
The a n a l y t i c a l  models  w i l l  be' described by first d e f i n i n g  t h e  g r i d  p o i n t  
l o c a t i o n s  w i t h  a f i g u r e  showing the  g r i d  p o i n t s  t o  es tab l i sh  v i s u a l  
o r i e n t a t i o n .  The comple t e  t a b u l a t i o n  of t h e  g r i d  p o i n t  l o c a t i o n s  c a n  be 
found i n  Tables 3 and 4 .  Second ly ,  t he  membrane, beam, and  rod e l e m e n t s  
t h a t  connec t  these gr id  p o i n t s  a re  t a b u l a t e d  i n  t h e  subsequen t  Tables. 
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Grid P o i n t  Numbering System and R e l a t i v e  L o c a t i o n s  
I -  
The f i n i t e  e l e m e n t s  and  g r i d  p o i n t  l o c a t i o n s  i n  t he  45 degree model, 1/2 
of t h e  A q u a d r a n t ,  w i l l  be  described i n  detail .  The 45 d e g r e e  model c a n  be 
expanded t o  the 360 degree model u s i n g  the method of e x p a n s i o n  d i s c u s s e d  
later.  
I 
To expand t h e  45 d e g r e e  model t o  a 360 d e g r e e  model, the  new b r i d  p o i n t s  
i n  t h e  4 5  t o  90 degree sector were located a s  mirror images of t h e  g r i d  
p o i n t s  i n  t h e  0 t o  45 d e g r e e  s e c t o r .  As shown i n  F i g .  15, t h e  Global 1 and  
Global 2 d imens ions  i n  T a b l e  3 were i n t e r c h a n g e d  and  the  g r i d  p o i n t  number 
was incremented  by 570. To complete  t h e  360 d e g r e e  model, a l l  of Ithe g r i d  
p o i n t s  wi th  7 r e p e a t s  i n  T a b l e  3 a r e  incremented  by 550, s e v e n  times and  the 
Global 1 and Global 2 d imens ions  a r e  changed as shown i n  F i g .  15. The 
Global 3 dimens ion  for  a l l  7 r e p e a t s  remained the same. The g r i d  p o i n t s  
wi th  0 r e p e a t s  i n  Table 3 are  a t  t h e  c e n t e r  l i n e  of  t h e  mast and  o n l y  appea r  
o n c e  i n  the 360 d e g r e e  model. The g r i d  p o i n t s  i n  Table  3 with  3 r e p e a t s  are 
on t h e  0 or  45 d e g r e e  l o c a t i o n s .  These g r i d  p o i n t s  were incremented  by  1140 
with 3 repedts,  one  f'or each of t h e  other three q u a d r a n t s .  To d e t e r m i n e  t h e  
i n t e r c h a n g e a b i l i t y  of t h e  Global 1 and  Global  L d imens ions  use t h e  f i rs t  45 
degrees of each q u a d r a n t  i n  F i g .  1s. 
The  g r i d  p o i n t s  i n  Table  4 a r e  located i n  t h e  c y l i n d r i c a l  c o o r d i n a t e  
sys tem.  Most of these g r i d  p o i n t s  are on t h e  mast w i t h  no  r e p e a t s .  The 
g r i d  p o i n t s  w i t h  3 r e p e a t s  have their g r i d  p o i n t  numbers incremented  by 1 1 4 0  
and  have t h e i r  a n g u l a r  d imens ion  i n c r e a s e d  by 90 d e g r e e s  f o r  each of t h e  3 
inc remen t s .  
incremented  by 570. The first angu la r  dimension is i n c r e a s e d  t o  Y O  degrees 
The g r i d  p o i n t s  w i t h  7 r e p e a t s  have t h e i r  g r i d  p o i n t s  
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ILL." ' I ,  inguLar . ~ r n c n s i o n  i n  T a b l e  4. T h i s  g i v e s  t h e  2 mirror image g r i d  
p o i n t s  loca ted  i n  t h e  A q u a d r a n t .  To o b t a i n  the g r i d  p o i n t s  i n  t he  other 
three q u a d r a n t s ,  these 2 g r i d  p o i n t  numbers are  incremented  by 1140 and t h e  
a n g u l a r  dimensions a re  incremented  by 90 d e g r e e s ,  three times. 
For t h e  feed mast g r i d  p o i n t s  i n  T a b l e  4 w i t h  two r e p e a t s ,  t h e  g r i d  
p o i n t  numbers a re  incremented  by 1 and t h e  a n g u l a r  d imens ion  is i n c r e a s e d  b y  
120 d e g r e e s ,  two times. 
The s u r f a c e  g r i d  p o i n t s  from 0 t o  90 degrees d e f i n e  t h e  s h a p e  of t h e  
f i r s t  p a r a b o l i c  a n t e n n a  i n  t he  A q u a d r a n t .  The g r i d  p o i n t  expans ion  method 
descr ibed  above takes  t h e  0 t o  90 d e g r e e  A q u a d r a n t  and  rotates  i t  90 
d e g r e e s ,  three times, t o  comple te  t h e  90 t o  180 d e g r e e  B q u a d r a n t ,  t h e  180 
t o  270 d e g r e e  C q u a d r a n t ,  and t h e  270 t o  360 d e g r e e  D q u a d r a n t .  
pont  numbers i n  t h e  90 d e g r e e  t o  180 d e g r e e  B q u a d r a n t  were incremented  by 
1140 from t h e  g r i d  p o i n t  numbers i n  t h e  A q u a d r a n t .  
i n  t h e  180 degree  t o  2'10 d e g r e e  C quadran t  were incremented  by 2280 from t h e  
g r i d  p o i n t  numbers i n  t h e  A q u a d r a n t .  The g r i d  p o i n t  numbers i n  t h e  270 
d e g r e e s  t o  360 d e g r e e  D q u a d r a n t  were incremented  by 3420 from t h e  g r i d  
p o i n t  numbers i n  the  A q u a d r a n t .  These s u r f a c e  g r i d  p o i n t s  d e f i n e  t h e  f o u r  
p a r a b o l i c  an tenna  s h a p e s .  
The g r i d  
The g r i d  p o i n t  numbers 
I 
The f i rs t  s u b s e t  of t he  s t r u c t u r a l  model d i s c u s s e d  i s  t h e  se ts  of c a b l e s  
a t  15 d e g r e e  increments  a round  t h e  hoop. The 45 d e g r e e  model had f o u r  se ts  
a t  0,  15, 30 and 45 degrees located i n  t h e  f i rs t  h a l f  of t h e  A q u a d r a n t .  
The 360 d e g r e e  model had  24 s e t s  of cables a t  each 15 d e g r e e  increment  
around t h e  360 d e g r e e  hoop. 
These cables are used t o  c o n t r o l  and s t a b i l i z e  the f o u r  p a r a b o l i c  s h a p e s  
of t h e  an tenna .  They are  d e f i n e d  i n  t h i s  r e p o r t  as the  1 s t  r a y  a t  0 d e g r e e s  
shown i n  F i g .  16, as t h e  2nd ray a t  15 d e g r e e s  shown i n  F i g .  17 ,  as t h e  3rd 
r a y  a t  30 degrees shown i n  F i g .  18 and  as the 4 t h  r a y  a t  45 d e g r e e s  shown i n  
F i g .  19.  
The g r i d  p o i n t  l o c a t i o n s  are t a b u l a t e d  i n  Tab le  3.  
The numbers i n  these f i g u r e s  r e p r e s e n t  t h e  g r id  p o i n t  l o c a t i o n s .  
Each r a y  of cables c o n s i s t s  of 1 2  rod e l e m e n t s  fo r  s u r f a c e  c o n t r o l  
cables, 13 rod e l e m e n t s  for beam cables, 19  rod e l e m e n t s  for edge  chord 
cables,  16 rod e l e m e n t s  for  ca t ena ry  cables, 16 rod e l e m e n t s  for  v e r t i c a l  
t i es  and 1 s p r e a d e r  b a r  cable, from g r i d  p o i n t  7 t o  147  for the  1st r a y  as 
shown i n  F i g .  16. The cable element  c o n n e c t i v i t y ,  e x t e n s i o n a l  s t i f f n e s s ,  
preload and  weight  p e r  i n c h  of l e n g t h  is t a b u l a t e d  i n  Table  5 through 8. 
As described i n  t h e  s e c t i o n  t i t l e d  "Grid P o i n t  Numbering System and  
Relative Loca t ions t1 ,  t he  1 s t  r a y  g r i d  p o i n t s  a t  0 degrees ( F i g .  1 6 )  are  
incremented  by  1 1 4 0  t o  o b t a i n  the g r i d  p o i n t s  a t  the  7 t h  ray a t  t h e  90 
degree l o c a t i o n ,  t h e  1 3 t h  ray a t  the 180 d e g r e e  l o c a t i o n  and  t h e  1 9 t h  ray a t  
t h e  270 degree l o c a t i o n .  The 2nd and 3 r d  r a y  shown i n  F i g .  17 and 18 have  '[ 
r e p e a t s .  The 4 t h  ray as  shown i n  F i g .  19 has 3 r e p e a t s .  The g r i d  p o i n t  
numbering s y s t e m  and  c o o r d i n a t e  l o c a t i o n s  are  described i n  t h e  p r e v i o u s  
s e c t i o n  t i t l e d  If G r i d  P o i n t  Numbering System and  R e l a t i v e  Loca t ions t1 .  
I n - p l a n e  C a b l e s ,  1st Core t o  3rd Gore - -
The second subse t  of t h e  s t r u c t u r a l  model i s  t h e  se t s  of i n  p l a n e  cables 
i n  each of t h e  24, f i f t e e n  degree  a r c  segments ,  cal led g o r e s  i n  t h i s  r e p o r t .  
'The 45 d e g r e e  model had 3 gores as shown i n  F i g .  20,  21 and  22. The  360 
d e g r e e  model h a s  24 gores. The g r i d  p o i n t  l o c a t i o n s  are  t a b u l a t e d  i n  T a b l e  
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' irle 1st gore  i n  Fig. 20 shows the  cables between t h e  f i rs t  r a y  a t  0 
d e g r e e s  and the  second ray a t  15 degrees. The second g o r e  and t h i r d  g o r e  
are shown i n  F i g .  21 and 22 r e s p e c t i v e l y .  i n  these f i g u r e s ,  t h e  so l id  l i n e s  
r e p r e s e n t  t h e  c a b l e s  i n  t h e  p a r a b o l i c  surface, whi le  the  dashed  l i n e s  
r e p r e s e n t  the  d i agona l  c a b l e s  t h a t  s l o p e  down t o  t h e  c a t e n a r y  c a b l e s  shown 
i n  F i g .  17,  18, 19 and 20. The  cable  element  c o n n e c t i v i t y ,  e x t e n s i o n a l  
s t i f f n e s s ,  p r e l o a d  and weight  p e r  i n c h  of l e n g t h  is t a b u l a t e d  i n  Table 9 
th rough  1 1 .  
To expand t h e  45 d e g r e e  model shown i n  F i g .  20, 21 and 22 t o  t h e  360 
degree model, t h e  three g o r e s  shown are  d u p l i c a t e d  for  t h e  r e m a i n i n g  twenty 
one  g o r e s  as shown i n  these f i g u r e s .  T h e  1st g o r e ,  shown i n  F i g  20, is 
r e p e a t e d  7 times t o  e s t a b l i s h  t h e  6 t h ,  7 t h ,  1 2 t h ,  13th, 1 8 t h ,  1 9 t h  and 2 4 t h  
go re .  The 2nd and 3rd g o r e  are  a l s o  r e p e a t e d  7 times as shown i n  F i g .  21 
and 22. The g r i d  p o i n t  numbering sys t em and c o o r d i n a t e  l o c a t i o n s  are 
descr ibed i n  t h e  s e c t i o n  t i t l e d  Gr id  P o i n t  Numbering System and R e l a t i v e  
Loca t  i ons" .  
The t h i r d  s u b s e t  of t he  s t r u c t u r a l  model is t h e  se ts  of hoop beam 
e l e m e n t s  and  t h e  hoop s u p p o r t  cables t h a t  c o n n e c t  t h e  hoop t o  t h e  t o p  and 
bottom of t h e  mast. There are  3 hoop beam e l e m e n t s  i n  t h e  45 degree model. 
There are 24 hoop beam e l e m e n t s  i n  t h e  360 degree model. A t  each of t h e  24 
hoop beam g r i d  p o i n t s  there a re  two upper  hoop s u p p o r t  cables attached t o  
t h e  t o p  of t he  mast and a s i n g l e  lower  hoop s u p p o r t  cable attached t o  t h e  
bottom of t h e  mast. The 45 d e g r e e  model had 4 se t s  as shown i n  F i g .  23. 
The 360 d e g r e e  model has 24 sets. The g r i d  p o i n t  l o c a t i o n s  are  t a b u l a t e d  i n  
T a b l e  3. The first set of three cables i n  F i g .  23 a t  0 degrees shows t h e  
cables between t h e  first r a y  g r i d  p o i n t  6 on the  hoop and  g r i d  p o i n t s  2 and 
119 a t  t h e  t o p  of the mast and  t o  g r i d  p o i n t  10 a t  the bottom of the  mast. 
The second ,  t h i r d  and  f o u r t h  sets are also shown i n  F i g .  23. T h e s e  mast 
g r i d  p o i n t s  are located i n  F i g .  29 and  30. The two upper  cables i n  each se t  
have  a s p r e a d e r  bar  r e p r e s e n t e d  by two beam e l e m e n t s  i n  the amdel. The 
c e n t e r  g r i d  p o i n t  147 attaches t o  the s p r e a d e r  b a r  cable shown i n  F i g .  16. 
The hoop beam and s p r e a d e r  bar p r o p e r t i e s  are t a b u l a t e d  i n  T a b l e  1-1. The 
cable e l emen t  c o n n e c t i v i t y ,  e x t e n s i o n a l  s t i f f n e s s ,  preload and  weight  pe r  
i n c h  of l e n g t h  is t a b u l a t e d  i n  Table  12. The hoop beam e l e m e n t s  were 
massless and  the i r  weight  was r e p r e s e n t e d  by lumped masses. 
The r e p e a t s  a r e  the  same as ,those d i s c u s s e d  for  t h e  r a y s .  The 1st r a y  
is r e p e a t e d  three times for  the 7th,  13 th  and 1 9 t h  r a y  location. The second 
ray is r e p e a t e d  s e v e n  times for t h e  6 t h ,  8 t h ,  1 2 t h ,  14 th ,  1 8 t n ,  2 0 t h  and  
2 4 t h  r a y  l o c a t i o n .  
l l t h ,  l 5 t h ,  1'1th 2 l s t ,  and 23 rd  ray l o c a t i o n .  The 4 t h  r a y  is r e p e a t e d  three 
times fo r  t h e  l o t h ,  1 6 t h  and 22nd r a y  l o c a t i o n s .  The g r i d  p o i n t  numbering 
sysLem and c o o r d i n a t e  l o c a t i o n s  a r e  descr ibed  i n  t h e  s e c t i o n  t i t l e d  I t  G r i d  
P o i n t  Numbering System and Relative L o c a t i o n s f t .  
The 3 r d  r a y  is r e p e a t e d  s e v e n  times f o r  t h e  5 t h ,  9 t h .  
T r i a n g u l a r  Web Mesh Membrane Elements  ----.------------ 
The f o u r t h  s u b s e t  of t h e  s t r u c t u r a l  model is t h e  se t s  of i n - p l a n e  
t r i a n g u l a r  membrane e l e m e n t s  i n  each of t h e  24 f i f t e e n - d e g r e e  arc  segments ,  
called g o r e s  i n  t h i s  report. The 45 degree model had 3 gores as shown i n  
F i g -  2 4 ,  25 and  26. The 360 degree model has  24  gores. The g r i d  p o i n t  
l o c a t i o n s  are t a b u l a t e d  i n  T a b l e  3 .  The 1st gore i n  F i g .  24 shows t h e  web 
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3 between t h e  f ir-st r d y  a t  0 d e g r e e s  and  t h e  second r a y  a t  15 
d e g r e e s .  'The second gore and t h i r d  gore a re  shown i n  F i g .  25 and Zt, 
r e s p e c t i v e l y .  I n  these  f ' i g u r e s ,  a l l  of t h e  e l emen t s  a re  i n  t h e  f i rs t  h a l f  
of the  p a r a b o l i c  s u r f a c e  A q u a d r a n t .  The lst ,  2nd and  3 r d  g o r e  t r i a n g u l a r  
web p r o p e r t i e s  a r e  t a b u l a t e d  i n  Table 13. The  f irst  three columns i d e n t i f y  
t h e  three c o r n e r  g r i d  p o i n t s  of each e lement .  The f o u r t h  column d e n o t e s  t h e  
membrane e x t e n s i o n a l  s t i f f n e s s  i n  t h e  d i r e c t i o n  from g r i d  p o i n t  A t o  B i n  
pounds p e r  i n c h  of w i d t h .  The f i f t h  column d e n o t e s  t h e  e x t e n s i o n a l  
s t i f f n e s s  a t  90 degrees t o  t h e  A-B d i r e c t i o n .  The s i x t h  and  s e v e n t h  column 
shows t h e  web p r e l o a d  i n  pounds p e r  i n c h  of wid th  i n  t h e  A-B d i r e c t i o n  and  
90 d e g r e e s  t o  t h e  A-B d i r e c t i o n  r e s p e c t i v e l y .  The shear s t i f f n e s s  of a l l  
e l e m e n t s  is  0.41 pounds p e r  i n c h  of w i d t h .  T h e  mesh weight  is 0.345E-04 
pounds p e r  s q u a r e  inch .  
The r e p e a t s  f o r  t h e  t r i a n g u l a r  web e l e m e n t s  a r e  i d e n t i c a l  t o  t h e  g o r e  
cable elemenLs. See the s e c t i o n  t i t l e d  " In-p lane  Cables, 1st Gore t o  3rd 
Corefv.  
Mast Truss Beam Elements  -- 
The f i f t h  s u b s e t  of e l e m e n t s  a r e  t h e  mast truss beam e l e m e n t s  shown i n  
F i g .  27.  The  g r i d  p o i n t  l o c a t i o n s  are t a b u l a t e d  i n  T a b l e  3 and 4 .  The beam 
e lement  c o n n e c t i v i t y ,  t h e  bending  s t i f f n e s s ,  cross s e c t i o n a l  area, t o r s i o n a l  
a L i f f n e s s  and type of mast t r u s s  e lement  are  t a b u l a t e d  i n  T a b l e  14.  The  
i n i t i a l  p r e l o a d s  i n  t h e  mast t r u s s  beam e l e m e n t s ,  wi th  t h e  g r i d  p o i n t s  
f i x e d ,  was set  t o  zero. When t h e  correct boundary c o n d i t i o n s  wi th  t h e  
p r e l o a d s  are  imposed, the  l o n g e r o n s  and t h e  d i a g o n a l s  a re  i n  compress ion .  
The Youngvs Modulus f o r  a l l  of t h e  t r u s s  beam e lemen t s  was 16.72E+06 p s i .  
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The Global  3 d imens ions  of t h e  mast g r i d  p o i n t s  are shown i n  F i g .  27. 
Because t h e  mast is deployable ,  t he  t r u s s  s e c t i o n s  h a v e  d i f f e r e n t  diameters. 
Each bay is made up of 3 longerons ,  3 b a t t e n s  and 3 d i a g o n a l s .  The bays  
were attached t o  each other w i t h  s e m i - r i g i d  radial  beam e lemen t s ,  labeled 
"radial" i n  S e c t i o n  A-A of F i g .  27. There are n i n e  a d d i t i o n a l  s e m i - r i g i d  
beam e lemen t s  c o n n e c t i n g  the truss t o  c e n t r a l  g r i d  p o i n t s  a t  t h e  lower cable 
a t t a c h m e n t  l o c a t i o n  a t  g r i d  po in t  1 ,  a t  t h e  c e n t e r  cable a t t a c h m e n t  l o c a t i o n  
a t  g r i d  p o i n t  196, and a t  t h e  u p p e r  cable a t t achmen t  g r i d  p o i n t  l a c a t i o n  a t  
g r i d  p o i n t  221. 
Semi-Rigid Beam Elements  ' , 
-1_- 
I 
I I 1  
The s i x t h  s u b s e t  of e l emen t s  a re  t h e  s e m i - r i g i d  beam e lemen t s  used t o  
o f f s e t  t h e  cable a t t achmen t  p o i n t s  from t h e  truss c e n t e r l i n e  g r i d  . Q i n t  w i t h  
beam e l e m e n t s  as shown i n  F i g .  28.,29. and 30. I n  F i g .  28,  there are 24 
c e n t e r  cable/mast semi-rigid beam e lemen t s  c o n n e c t i n g  the c e n t e r  g r i d  p o i n t  
196 t o  t h e  24 g r i d  p o i n t s  on  t h e  c i rc le .  
cable/mast semi-r igid beam elements  connec t ing  the  c e n t e r  g r i d  p o i n t  221 t o  
t h e  48 g r i d  p o i n t s  on t h e  two c i r c l e s .  
t o  these o u t e r  g r i d  p o i n t s  as shown. I n  F i g .  30 ,  there a re  48 lower 
cable/mast semi- r ig id  beam elements  connec t ing  t h e  c e n t e r  g r i d  p o i n t  1 t o  
t h e  48 g r i d  p o i n t s  on t h e  two c i r c l e s .  A t  t he  bottom of F i g .  30, the 24 
lower  hoop s u p p o r t  cables attach t o  these o u t e r  g r i d  p o i n t s .  A t  the  t o p  of  
F i g .  30, t h e  96 shape  c o n t r o l  cab le s  a t tach t o  these o u t e r  g r i d  p o i n t s ,  4 t o  
each g r i d  p o i n t .  The g r i d  p o i n t  l o c a t i o n s  are shown i n  Table 3 and 4. The 
beam c o n n e c t i v i t y ,  t h e  area moment of i n e r t i a , t h e  cross s e c t i o n a l  area, t h e  
t o r s i o n a l  s t i f f n e s s ,  and t h e  type are i n d i c a t e d  i n  Table  15. The hoop 
I n  F i g .  29, there are 48 upper  
The upper hoop s u p p o r t  c a b l e s  a t t a c h  
i 
c~?c~loiid c::npression stress was 925.21 p s i .  The mast t o  cable semi- 
r i g i d  beam elements  had a t e n s i l e  stress of' 3.509 p s i .  The Young's Modulus 
for  t h e  s e m i - r i g i d  beam e l e m e n t s  was 10.6E+06 p s i .  The e l e m e n t s  and 
c o n n e c t i v i t y  i n  Tab le  15 is f o r  the 45 d e g r e e  model. The s e c t i o n  of t h e  
r e p o r t  t i t l e d  "Grid P o i n t  Numbering System and R e l a t i v e  L o c a t i o n s "  e x p l a i n s  
how t h i s  45 degree model c a n  be expdnded t o  t h e  360 degree model. 
The s e v e n t h  subse t  of e l e m e n t s  are t h e  s u p p o r t  s t r u c t u r e  beam e l e m e n t s  
shown i n  F i g .  31. T h e  g r i d  p o i n t  l o c a t i o n s  are  t a b u l a t e d  i n  T a b l e  3. The 
beam e lemen t  c o n n e c t i v i t y ,  t h e  bending s t i f f n e s s ,  c r o s s  s e c t i o n a l  area,  
t o r s i o n a l  s t i f f n e s s  and t y p e  of s u p p o r t  s t r u c t u r e  e l emen t  are  t a b u l a t e d  i n  
Table  16. The i n i t i a l  p r e l o a d s  i n  t h e  s u p p o r t  s t r u c t u r e  beam elements w i t h  
t h e  g r i d  p o i n t s  f i x e d  was s e t  t o  z e r o .  The Young's Modulus was 10.OE+06 
p s i .  
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T r i p o d  S u p p o r t  S t r u c t u r e  Beams Elements  --- _--II_- 
Feed Mast Beam Elements 
The e i g h t h  s u b s e t  of e l e m e n t s  a r e  t h e  feed mast t r u s s  beam e l e m e n t s  
shown i n  F i g .  32. The g r i d  p o i n t  l o c a t i o n s  a r e  t a b u l a t e d  i n  Tab le  4 .  The 
I 
beam e lemen t  c o n n e c t i v i t y ,  t he  bending s t i f f n e s s ,  cross s e c t i o n a l  area,  
t o r s i o n a l  s t i f f n e s s  and t y p e  of mast t r u s s  e lement  are t a b u l a t e d  i n  T a b l e  
17. The i n i t i a l  preloads i n  t h e  mast t r u s s  beam e l e m e n t s ,  w i t h  t h e  g r i d  
p o i n t s  f i x e d ,  was set  t o  z e r o .  The Young's Modulus was 30.OE+06 p s i .  The 
weight d e n s i t y  was .282 l b / c u  i n .  
LUmDed Masses a t  Grid Points 
The lumped masses for  the f u l l  hoop column antenna model are tabulated 
i n  Table 18 for the  gr id  po in t s  of the 45 degree model. The number of 
repeats  and the  g r i d  point  increments are included, so  that  with F i g .  15, 
the 45 degree model can be  expa@ed to the 360 degree model. 
I i 
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HEDUCED 15 METER A N T E N N A  MODEL 
The r educed  a n a l y t i c a l  model was used t o  perform s t a t i c  and  dynat’nic 
a n a l y s i s  i n  a more c o s t  e f f e c t i v e  manner and t h e  f u l l  a n a l y t i c a l  model was 
used when more e x a c t  r e s u l t s  were d e s i r e d  fo r  d e f l e c t i o n  and  i n f l u e n c e  
cocff i c i e n t  d n a l y s i s  fo r  s h a p e  c o n t r o l  and p o i n t i n g  a c c u r a c y .  
F i g .  1 4  shows t h e  undeformed s h a p e  of t h e  reduced a n a l y t i c a l  EAL 15 
Meter hoop column model. The r educed  model, w i thou t  t h e  feed mast, h a s  241 
g r i d  p o i n t s  w i t h  996 d e g r e e s  of freedom. There are  75 beam e l e m e n t s ,  600 
rod cable e lements  and 96 four -node  web membrane e l e m e n t s .  
c o o r d i n a t e  system for  the  r educed  model i s  i d e n t i c a l  t o  t h e  f u l l  model as 
shown i n  F i g .  1 4 .  The 3 l e g s  of t h e  s u p p o r t  s t r u c t u r e  and  t h e  c o r n e r s  of 
t r i a n g u l a r  t r u s s  c o n s t r u c t i o n  a r e  located a t  37.5 d e g r e e s ,  157.5 degrees and 
277.5 degrees r e l a t ive  t o  t h e  zero d e g r e e  l o c a t i o n  on t h e  hoop. 
The g l o b a l  
The  reduced  a n a l y t i c a l  models w i l l  b e  d e s c r i b e d  i n  two s t e p s .  F i r s t  t h e  
g r i d  p o i n t  l o c a t i o n s  a r e  d e f i n e d  by  a f i g u r e  showing t h e  g r i d  p o i n t s  to  
e s t a b l i s h  v i s u a l  o r i e n t a t i o n .  The  comple te  t a b u l a t i o n  of t h e  g r i d  p o i n t  
l o c a t i o n s  c a n  be found i n  T a b l e s  19 and 20. Secondly ,  t h e  membrane, beam, 
and  rod e l emen t s  t h a t  c o n n e c t  these g r i d  p o i n t s  are  t a b u l a t e d  i n  t h e  T a b l e s .  
G r i d  P o i n t  Numbering System and R e l a t i v e  L o c a t i o n s  
Most of t he  grid p o i n t  l o c a t i o n s  i n  t h e  r educed  model are  d e f i n e d  i n  t h e  
g l o b a l  c o o r d i n a t e  sys tem.  The g r i d  p o i n t s  i n  t h e  f i rs t  90 d e g r e e s  are  
descr ibed and t a b u l a t e d  i n  t h e  t ab l e s .  To expand t h e  90 degree model t o  t h e  
360 degree model, the 0 to  9 0  d e g r e e  segment W ~ L Y  ro ta ted 90 degrees, three 
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times, t o  complete t h e  90 t o  180 degree segment ,  the 180 t o  270 degree 
segment ,  and  t h e  270 t o  360 degree  segment.  The g r i d  pon t  numbers i n  t h e  
2nd q u a d r a n t  were incremented  by 60 from the g r i d  p o i n t  numbers i n  the  1st 
q u a d r a n t  and  t h e  a n g u l a r  2 dimension is i n c r e a s e d  by 90 d e g r e e s .  The gr id  
p o i n t  numbers i n  t h e  3rd quadran t  were inc remen ted  by 120 from the g r i d  
' p o i n t  numbers i n  the 1st quadran t  and  the  a n g u l a r  2 dimens ion  was i n c r e a s e d  
by 180 d e g r e e s .  The g r i d  p o i n t  numbers i n  the 4th q u a d r a n t  were inc remen ted  
by 180 from the  g r i d  p o i n t  numbers i n  the  1st q u a d r a n t  and the a n g u l a r  2 
d imens ion  was i n c r e a s e d  by 270 degrees .  For a l l  q u a d r a n t s ,  t h e  radial  1 and  
vertical  3 dimens ions  remained t h e  same. 
To f i n d  t h e  1st through 6 t h  ray g r i d  p o i n t  numbers and  the  c y l i n d r i c a l  
c o o r d i n a t e  d imens ions ,  u s e  Table, 20 for t h e  t h e  g r i d  p o i n t s  locatdd a t  b, 
15, 30, 45, 60 and  75 d e g r e e s .  The ' I t h  t h rough  1 2 t h  ray g r i d  p o i n t  numbers 
are incremented  by 60 and t h e  angu la r  d imens ion  is i n c r e a s e d  by 90 degrees. 
The 13th th rough  1 8 t h  ray g r i d  po in t  numbers are  incremented  a n o t h e r  60 
d e g r e e s  and  t h e  a n g u l a r  dimension is i n c r e a s e d  a n o t h e r  90  degrees. The same 
p r o c e d u r e  is used  i n  t h e  f o u r t h  quadran t  fo r  t h e  g r i d  p o i n t s  i n  1 9 t h  r a y  t o  
t h e  2 4 t h  ray.  
incrernented by  1 and t h e  a n g u l a r  d imens ions  are incrernented by  120 d e g r e e s .  
The Lripod suppor t  and  t h e  feed mast g r i d  p o i n t s  are 
T h e  upper  r i n g  g r i d  p o i n t  numbers a re  incremented  by 1 0  and  t h e  a n g u l a r  
dimension is incremented  by  15 degrees .  See F i g .  33,34,35 and 37 t o  see t h e  
l o c a t i o n  of t h e  g r i d  p o i n t s  i n  T a b l e  20. 
The  g r i d  p o i n t s  t a b u l a t e d  i n  T a b l e  19 are  dimensioned i n  t h e  g l o b a l  
C a r t e s i a n  c o o r d i n a t e  sys tem.  All of these g r i d  p o i n t s  on  t h e  c e n t e r l i n e  of 
t h e  hoop column an tenna .  See Fig .  36,37 and 39 fo r  t h e  l o c a t i o n  of' these 
g r i d  p o i n t s .  
/ 
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The f i r s t  s u b s e t  of t h e  s t r u c t u r a l  model d i s c u s s e d  i s  t h e  se ts  of cables 
a t  15 d e g r e e  inc remen t s  around t h e  hoop. The f i r s t  se t  is shown i n  F i g .  33. 
The 360 d e g r e e  reduced model has  24 se ts  of c a b l e s  a t  each 15 d e g r e e  
inc remen t  around the  360 d e g r e e  hoop. 
t a b u l a t e d  i n  Table  20. 
Each ray of  c a b l e s  c o n s i s t s  of  4 rod e l e m e n t s  fo r  s u r f a c e  c o n t r o l  
cables ,  5 rod elements  f o r  beam cables,  5 r o d  e l e m e n t s  f o r  edge  c h o r d  
cables ,  and 4 rod e l e m e n t s  f o r  ve r t i ca l  t i e  cables as shown i n  F i g .  33. The 
cable element  c o n n e c t i v i t y ,  e x t e n s i o n a l  s t i f f n e s s ,  p r e l o a d  and we igh t  p e r  
i n c h  of  l e n g t h  is  t a b u l a t e d  i n  T a b l e  21.  
The  g r i d  p o i n t  l o c a t i o n s  are  
I n  t h e  360 degree  model,  t h e  g r i d  p o i n t  l o c a t i o n s  a t  e v e r y  15 d e g r e e  r a y  
have t h e  g r i d  p o i n t  numbers incremented by 10  and have i d e n t i c a l  p r o p e r t i e s  
as t h o s e  shown i n  T a b l e  21. The g r i d  p o i n t  numbering s y s t e m  is described i n  
t h e  p r e v i o u s  s e c t i o n .  
In -P lane  Cables, 1 s t  Gore -- 
..,~. , ,  .. , , . . . I  
The second s u b s e t  of  t h e  s t r u c t u r a l  model is t h e  3 e t v  of' i n  p l a n e  cables 
i n  each of t h e  24, f i f t e e n  d e g r e e  arc  segmen t s ,  ca l led  g o r e s  i n  t h i s  r e p o r t .  
The f i r s t  g o r e  i s  shown i n  F i g .  34 .  The 360 d e g r e e  model has  24 se ts .  The 
g r i d  p o i n t  l o c a t i o n s  are t a b u l a t e d  i n  Table 2 0  w h i l e  t h e  p r o p e r t i e s  and 
c o n n e c t i v i t y  a r e  i n  Table  22. The 1st g o r e  i n  F i g .  34 shows t h e  c a b l e s  
between t h e  f i rs t  ray a t  0 degrees and t h e  second  ray a t  15 degrees. Each 
s u b s e q u e n t  g o r e  h a s  the i r  g r i d  p o i n t  numbers inc remen ted  by 10. The cable 
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e lement  c o n n e c t i v i t y ,  e x t e n s i o n a l  s t i f f n e s s ,  p r e l o a d  and  weight p e r  i n c h  of 
l e n g t h  i s  t a b u l a t e d  i n  T a b l e  22. 
Hoop Beam Elements  and  Hoop Support  Cables 
The t h i r d  s u b s e t  of the s t r u c t u r a l  model is t h e  se ts  of hoop beam 
e l e m e n t s  and  t h e  hoop s u p p o r t  cables that c o n n e c t  t h e  hoop t o  t h e  t o p  and 
bottom of the  mast shown i n  F i g .  35. There are 3 hoop beam e l e m e n t s  shown 
i n  F ig .  35. A t  each of the  24 hoop beam g r i d  p o i n t s ,  there are  two upper  
hoop s u p p o r t  cables attached t o  the  t o p  of' t h e  mast and  a s i n g l e  lower hoop 
c o r i t r o l  cable attached t o  the  bottom of t h e  mast. The i n t e r m e d i a t e  g r i d  
p o i n t s  were e l i m i n a t e d  f o r  , t h e  reduced model. The 45 degree model had 4 
s e t s  as shown i n  F i g .  35. The  360 degree model h a s  24 sets. The g r i d  p o i n t  
l o c a t i o n s  a re  t a b u l a t e d  i n  T a b l e  19 and 20. The f irst  set of three cables, 
a t  t h e  0 d e g r e e  l o c a t i o n  i n  F ig .  35, shows the  cables between t h e  first r a y  
g r i d  p o i n t  5 on t h e  hoop and  g r i d  p o i n t s  70 and  190 a t  the t o p  of t h e  mast 
and  t o  g r i d  p o i n t  253 a t  t h e  bottom of t h e  mast. The second ,  t h i r d  and  
f o u r t h  s e t s  are  a l so  shown i n  F i g .  3 5 .  
been removed from t h e  reduced  model. The hoop beam c o n n e c t i v i t y  and beam 
propertiev are t a b u l a t e d  i n  Tab le  26. 
exterisiorial s t i f f n e s s ,  prelodd dnd weight per i n c h  of l e n g t h  i s  t a b u l a t e d  i n  
'Table 2 3 .  
The upper  cable s p r e a d e r  bars have 
The cable e l emen t  c o n n e c t i v i t y ,  
Web Mesh Membrane Elements  
The f o u r t h  s u b s e t  of the s t r u c t u r a l  model is t h e  sets of' i n  p l a n e  
membrane e l e m e n t s  i n  each of t h e  2 4 ,  f i f t e e n  degree arc  segments ,  called 
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.,al i ?  Lhis rcpc l r t .  The f i rs t  gore i s  shown i n  F i g .  34. The 360 d e g r e e  
model h a s  24 sets .  The g r i d  p o i n t  l o c a t i o n s  a re  t a b u l a t e d  i n  T a b l e  20. The 
1st g o r e  i n  F i g .  34 shows t h e  web e l e m e n t s  between t h e  f i r s t  ray a t  0 
d e g r e e s  and the  second r a y  a t  15 degrees. The 1st g o r e  web p r o p e r t i e s  are 
t a b u l a t e d  i n  T a b l e  24. The f i rs t  f o u r  columns i d e n t i f y  t h e  four c o r n e r  g r i d  
p o i n t s  of each element. The f i f t h  column d e n o t e s  t h e  membrane e x t e n s i o n a l  
s t i f f n e s s  i n  t h e  d i r e c t i o n  from g r i d  p o i n t  A t o  B i n  pounds p e r  i n c h  of 
w i d t h .  The  s i x t h  column d e n o t e s  t he  e x t e n s i o n a l  s t i f f n e s s  a t  90  d e g r e e s  t o  





pounds p e r  i n c h  of wid th  i n  t h e  A-B d i r e c t i o n  and 90 d e g r e e s  t o  t h e  
d i r e c t i o n  r e s p e c t i v e l y .  The  shear s t i f f n e s s  of a l l  e l e m e n t s  is  0.4 
p e r  i n c h  of w i d t h .  The mesh we igh t  is 0.345E-04 pounds p e r  s q u a r e  
Effective Mast and Semi-Rigid Beam Elements  
-_I_- 
The f i f t h  s u b s e t  of e l e m e n t s  are the  e f fec t ive  mast truss and semi-rigid 
beam e l e m e n t s  shown i n  F i g .  36. The g r i d  p o i n t  l o c a t i o n s  a re  t a b u l a t e d  i n  
Table  15 and 20. The mast e f f e c t i v e  beam element  c o n n e c t i v i t y ,  t he  bending 
s t i f f n e s s ,  cross s e c t i o n a l  area,  t o r s i o n a l  s t i f f n e s s  and t y p e  of mast truss 
e lemen t  a re  shown i n  Table 25. The i n i t i a l  p r e l o a d s  i n  t h e  mast t r u s s  beam 
e l e m e n t s  w i t h  t he  g r i d  p o i n t s  f i x e d  was se t  t o  zero. When t h e  correct 
boundary c o n d i t i o n s  with t h e  p r e l o a d s  a re  imposed t h e  l o n g e r o n s  and t h e  
d i a g o n a l s  a r e  i n  compression.  
The  24 s e m i - r i g i d  beam e l e m e n t s  a re  used  t o  of fse t  t h e  cable a t t a c h m e n t  
p o i n t s  from t h e  mast c e n t e r l i n e  g r i d  p o i n t  w i t h  beam e l e m e n t s  as shown i n  
F i g .  36. 
upper  g r i d  p o i n t  241 t o  t h e  2 4  g r i d  p o i n t s  on the  c i r c l e .  The uppe r  hoop 
There a r e  24 uppe r  cable/mast r i g i d  beam e l e m e n t s  c o n n e c t i n g  t h e  
c o n t r o l  cables attach t o  these outer g r i d  p o i n t s  as shown i n  F i g .  35. The 
g r i d  p o i n t  l o c a t i o n s  are shown i n  Tab le  20. 
t h e  area moment of i n e r t i a , t h e  c r o s s  s e c t i o n a l  area, t h e  t o r s i o n a l  
s t i f f n e s s ,  and  the t y p e  are i n d i c a t e d  i n  T a b l e  26. 
Also, the beam c o n n e c t i v i t y ,  
The hoop e l emen t  
compress ion  stress was 925.21 p s i .  The mast t o  cable beam e l e m e n t s  had a 
t e n s i l e  stress of 3.509 p s i .  The e l e m e n t s  and  c o n n e c t i v i t y  i n  T a b l e  26 is 
f o r  the first 45 degrees of the f u l l  model. 
t i t l e d  IIReduced Model Grid P o i n t  Numbering System and  R e l a t i v e  Locdt ionsf1  
e x p l a i n s  how t h i s  45 degree model can  be expanded t o  t h e  360 d e g r e e  model. 
The s e c t i o n  of the  r e p o r t  
T r i p o d  Suppor t  S t r u c t u r e  B e h s  Elements 
-c- - 
I '  
The s i x t h  s u b s e t  of e l emen t s  a r e  t he  t r i p o d  s u p p o r t  beam e lemen t s  shown 
i n  F i g .  37. The g r i d  p o i n t  l o c a t i o n s  are t a b u l a t e d  i n  T a b l e  LO. Also, t h e  
beam e lement  c o n n e c t i v i t y ,  t h e  bending s t i f fnes s ,  cross s e c t i o n a l  a r e a ,  
t o r s i o n a l  s t i f f n e s s  and  t y p e  of suppor t  s t r u c t u r e  e lement  a re  found i n  Table 
27. The i n i t i a l  p r e l o a d s  i n  t h e  s u p p o r t  s t r u c t u r e  beam e l e m e n t s  with t h e  
g r i d  p o i n t s  f i x e d  was set  t o  zero .  
The n i n t h  s u b s e t  of e l e m e n t s  are  t h e  feed mas t  t r u s s  beam e l e m e n t s  shown 
i n  F i g .  38. The g r i d  p o i n t  l o c a t i o n s  are t a b u l a t e d  i n  T a b l e  19 and 20. 
Also, t h e  beam e lement  c o n n e c t i v i t y ,  the  bending  s t i f f n e s s ,  cross sec t iona l .  
a r e a ,  t o r s i o n a l  s t i f f n e s s  and  type  of mast t r u s s  e lement  are t a b u l a t e d  i n  
Table  28. The i n i t i a l  preloads i n  t h e  mast t r u s s  beam e lemen t s ,  w i t h  t he  
g r i d  p o i n t s  f i x e d ,  was set  t o  zero.  
Limped Masses a t  G r i d  P o i n t s  -- 
The reduced model had t h e  same lumped masses a t  t h e  hoop and mast g r i d  
p o i n t s  as t h e  f u l l  model. The s i n g l e  mast g r i d  p o i n t  on t h e  mast c e n t e r  
l i n e  combines t h e  mass of t h e  three g r i d  p o i n t s  a t  t h e  same s t a t i o n  of t h e  
f u l l  model. The t o r s i o n a l  mass moments of i n e r t i a  were added t o  account  for  
the  r a d i a l  mass o f f s e t  t o  keep t h e  t o r s i o n a l  mass e f f e c t s  t h e  same. 
T h e  lumped masses t h a t  were located on t h e  cable and mesh f u l l  rnodel 
g r i d  p o i n t s  were removed f r w n  these l o c a t i o n s ,  and 1 / 4  of these masses were 
ass igned  t o  t h e  g r i d  p o i n t s  on t h e  hoop and 3 / 4  t o  the g r i d  p o i n t  where t h e  
c e n t e r  cables attach t o  the  mast. The t o t a l  mass being r e t a i n e d  t h e  same. 
The reduced model lumped masses are  t a b u l a t e d  i n  T a b l e  29. 
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ANTENNA CABLE SUSPENSION SYSTEM 
To s u p p o r t  t h e  test  models i n  a g r a v i t y  envi ronment ,  a cable s u s p e n s i o n  
sys t em was used. F r e e - f r e e  boundary c o n d i t i o n s  were desired; however,  cable 
s u s p e n s i o n  s y s t e m s  produce  pendulum modes t h a t  c a n  c o u p l e  w i t h  f l e x i b l e  
model modes. P r e l i m i n a r y  a n a l y s i s  i n d i c a t e d  t h a t  the f irst  f l e x i b l e  
s t r u c t u r a l  bending f r equency  of t h e  15 meter hoop column a n t e n n a  model would 
be low. S i n c e  t h e  amount of dynamic c o u p l i n g  between s u s p e n s i o n  modes and  
s t r u c t u r e  modes is s t r o n g l y  i n f l u e n c e d  by t h e  f r e q u e n c y  s e p a r a t i o n ,  Refs. 7 
and 8, i t  was f e l t  t h a t  t h e  suspens ion  sys t em would affect  t h e  free-free 
s t r u c t u r e  v i b r a t i o n  characterist ics.  Therefore, t h e  s u s p e n s i o n  sys tem was 
i n c l u d e d  i n  t h e  a n a l y t i c a 1 , m o d e J y .  The ph i losophy  was t o  t e s t  and  correlate 
I 
w i t h  a n a l y s i s  a l l  t h e  modes i n c l u d i n g  t h e  s u s p e n s i o n  modes and t h e n  
d e t e r m i n e  t he  f r e e - f r e e  modes of t h e  s t r u c t u r e  u s i n g  the  v e r i f i e d  a n a l y t i c a l  
models. 
I n  t h e  test  program, a s i n g l e  cable was attached t o  t h e  vacuum test  
chamber c e i l i n g  and  t h e  other end was attached t o  t h e  model. Dimensions of 
t h e  s u s p e n s i o n  sys t em are  shown i n  F i g .  39. The cable p a s s e s  through a 
sleeve a t  t h e  mast/feed mast i n t e r f a c e  t o  g i v e  t he  model r o t a t i o n a l  
s t a b i l i t y .  The  t o t a l  lengLh of t h e  cable is 444 i n .  The cable was 
nominal ly  0.125 i n .  diameter s t e e l  w i t h  h e l i c a l l y  wrapped 3x7 s t r a n d  
c o n s t r u c t i o n .  T h e  c a b l e  d e n s i t y  was measured t o  be  0.002447 l b / i n .  
I n  t he  a n a l y t i c a l  models, the  cables were modeled as two r o d  e l emen t s .  
The f i r s t  rod e lement  was from t h e  f i x e d  a t t a c h m e n t  p o i n t  t o  t h e  c a b l e  t o  
s l i d i n g  g r i d  p o i n t  a t  t he  s l e e v e  l o c a t i o n .  The second rod e lement  ex tended  
from t h i s  s l i d i n g  g r i d  p o i n t  t o  the  cable a t t a c h m e n t  p o i n t .  
p o i n t s  w i t h  t h e  i d e n t i c a l  c o o r d i n a t e  l o c a t i o n s ,  o n e  attached t o  t h e  mast and  
The two g r i d  
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.:cond <j t tach( :d  t o  t h e  cable wyre used  t o  impose m u l t i  p o i n t  c o n s t r a i n t s  
such  tha t  there  was r e l a t i v e  s l i d i n g  i n  t h e  Globa l  3 d i r e c t i o n  w i t h  no 
r e l a t i v e  motion i n  t h e  Clobal 1 and Global 2 d i r e c t i o n s .  
A n a l y s i s  i nd ica t ed  t h a t  t he  pendulum modes d i d  n o t  a g r e e  w i t h  test .  A 
closer examina t ion  i n d i c a t e d  t h a t  t h e  cable p a s s e d  t h r o u g h  a c l e a r a n c e  r i n g  
a t  t h e  t o p  of t h e  feed mast t h a t  d i d  n o t  h a v e  enough c l e a r a n c e  c a u s i n g  a 
change i n  t h e  pendulum modes. I t  was de te rmined  from t h e  a n a l y s i s  t h a t  i f  
t h e  e f f e c t i v e  s l e e v e  p o i n t  was moved up 70. i n c h e s  t o  s t a t i o n  281.00 o n  t h e  
feed mast, t h a t  t h e  a n a l y t i c a l  modes matched t h e  t e s t  modes. T h i s  l o c a t i o n  
is shown i n  F i g .  38 and 3 9 .  
ANTENNA MASS PROPERTIES 
The masses of the  a n a l y t i c a l  models were based o n  weight  measurements  of 
selected p a r t s  and  drawing  weights.  The measured and  a n a l y t i c a l  model 
weight compar ison  for t h e  P u l l  model is g i v e n  i n  T a b l e  30. The total  weight 
t o  be 1142 l b s  and the a n a l y s i s  model of a l l  s u b s t r u c t u r e s  was measured  
p r e d i c t s  1141  l b s .  
The model c e n t e r  of g r a v i t y  w t h  t h e  hoop column and feed mast o n l y  is 
located 120.2244 i n c h e s  from t h e  o r i g i n  i n  t h e  Global 3 d i r e c t i o n ,  or 
approx ima te ly  73.2 i n c h e s  above t h e  hoop. The mass moments of i n e r t i a  i n  
2 mass u n i t s ,  lb-sec - i n ,  and  c e n t e r  of g r a v i t y  l o c a t i o n s  i n  the global  
c o o r d i n a t e  sys t em for the  rbduceh hodel wi th  hoop column and  feed mast o n l y  
a r e  g i v e n  i n  T a b l e  31. 
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J O I N T  ELIMINATION SEQUENCE OHDEH FOR EAL 
e l i m i n a t  
t h e n  t h e  
2nd ray. 
i n - p l a n e  
The large number of degrees of freedom i n  t h e  s p a c e  s t a t i o n  model and 
t h e  hoop column a n t e n n a  model r e q u i r e d  special  e l i m i n a t i o n  sequences  t o  be 
deve loped .  The EAL p r o c e s s o r  SEQ, which a u t o m a t i c a l l y  d e t e r m i n e s  t h e  j o i n t  
e l i m i n a t i o n  sequence,  p roduced  a decompos i t ion  sequence  t h a t  r e q u i r e d  
e x c e s s i v e  computer s t o r a g e  d u r i n g  s t i f f n e s s  m a t r i x  decompos i t ion .  To 
c i r cumven t  t h i s  problem, a u s e r - d e f i n e d  e l i m i n a t i o n  sequence  was deve loped  
u s i n g  t h e  t e c h n i q u e  g i v e n  i n  Hef. 6. 
F o r  t h e  space  s t a t i o n  model t h e  u s e r - d e f i n e d  sequence  was formed by 
f i rs t  e l i m i n d t i n g  t h e  g r i d  p o i n t s  o n  t h e  h a b i t a t i o n  module, s t a r t i n g  a t  the 
end f a r t h e s t  from t h e  c o n n e c t i n g  cube.  Next,  a l l  of t he  g r i d  p o i n t s  of t h e  
r i g h t  solar a r r a y ,  s t a r t i n g  a t  t h e  end f a r t h e s t  from t h e  c o n n e c t i n g  cube  
were e l i m i n a t e d .  T h i s  p r o c e d u r e  was repeated w i t h  t h e  l e f t  solar  a r r a y ,  
t h e n  w i t h  t h e  r a d i a t o r  and f i n a l l y  t h e  r e m a i n i n g  g r i d  p o i n t s  of the  
c o n n e c t i n g  cube  were e l i m i n a t e d .  
For the  hoop column a n t e n n a  model,  t h e  l a r g e  number of degrees of 
freedom r e q u i r e d  a s p e c i a l  e l i m i n a t i o n  sequence  t o  be developed.  T h e  EAL 
p r o c e s s o r  SEQ,  which a u t o m a t i c a l l y  d e t e r m i n e s  t h e  j o i n t  e l i m i n a t i o n  
sequence ,  produced a decompos i t ion  sequence  t h a t  r equ i r ed  excessive computer 
storage d u r i n g  s t i f f n e s s  m a t r i x  decompos i t ion  and t h e  e i g e n v a l u e  s o l u t i o n  
uou ld  n o t  be completed. The use r -de f ined  sequence  was formed by f i rs t  
ng the g r i d  p o i n t s  on t h e  1st r a y  a t  z e r o  degrees shown i n  F i g .  16,  
in-plane g r i d  p o i n t s ,  shown i n  F i g .  20 between t h e  1st r a y  and the  
Nex t ,  t h e  g r i d  p o i n t s  shown i n  F i g .  17 on t h e  2nd r a y  and  t h e n  t h e  
g r i d  p o i n t s  shown i n  F i g .  21 between the  2nd r a y  and t h e  3rd r a y  
4 4  
were e l i m i n a t e d .  
model was traversed.  
on the  mast, t h e  support s t ruc ture  and t h e  f e e d  mast. 
Thi s  procedure was repeatea  u n t i l  t h e  360 degrees  of the  
The f i n a l  e l i m i n a t i o n  was t o  el iminate t h e  g r i d  p o i n t 8  
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COMPARISON OF ‘TEST A N D  ANALYTICAL D A T A  
The  g e n e r i c  space s t a t i o n  dynamic t e s t  and a n a l y s i s  c o r r e l a t i o n  and  t h e  
expe r imen t  method was r e p o r t e d  i n  Ref. 9. T h i s  r e f e r e n c e  describes t h e  
e f fec ts  of t h e  coup l ing  between t h e  cable s u s p e n s i o n  s y s t e m  and  t h e  model 
and e x p l a i n s  how the  s t a t i c  and dynamic test  data  was used t o  v e r i f y  
s u b s t r u c t u r e  a n a l y s i s  models. V e r i f i c a t i o n  of a n a l y t i c a l  models on a 
s u b s t r u c t u r e  l e v e l  reduced t h e  u n c e r t a i n t y  of t h e  g e n e r i c  model a n a l y s i s .  
T h e  s o l a r  array subs t ruc ture  when r e f i n e d  u s i n g  s t a t i c  test  da ta ,  reduced 
t h e  a v e r a g e  f r equency  error from 8.1 p e r c e n t  t o  2.8 p e r c e n t .  
The 15 meter hoop column a n t e n n a  dynamic t e s t  and  a n a l y s i s  c o r r e l a t i o n  
was r e p o r t e d  i n  Ref.  12 .  T h i s  r e f e r e n c e  r e p o r t s  t h e  comparison of test  and 
a n a l y t i c a l  v i b r a t i o n  modes of t h e  f u l l  a n t e n n a  model s u p p o r t e d  o n  t h e  t r i p o d  
w i t h o u t  t h e  feed mast. Also, the same c o n f i g u r a t i o n  u s i n g  the  r educed  
model r e s u l t e d  i n  v e r y  good c o r r e l a t i o n  of t he  g l o b a l  modes. The comparison 
of t h e  t e s t  and  a n a l y t i c a l  v i b r a t i o n  modes f o r  t h e  c o n f i g u r a t i o n  wi th  t h e  
feed mast hanging o n  a s i n g l e  s t ee l  cable gave  good c o r r e l a t i o n  of pendulum 
and g l o b d l  modes u s i n g  t h e  reduced a n a l y t i c a l  model. 
The 15 meter hoop column a n t e n n a  quasi-static s h a p e  a d j u s t m e n t  test  and 
a n a l y s i s  is  r e p o r t e d  i n  Kef. 13. The f u l l  dn tenna  model was u s e d  t o  derive 
t h e  i n f l u e n c e  c o e f f i c i e n t s  t h a t  were i n p u t s  t o  l e a s t  s q u a r e s  error a n a l y s e s  
- + - d  t o  minimize t h e  s u r f a c e  d i s t o r t i o n  from a t r u e  p a r a b o l i c  s h a p e .  
A p p l i c a t i o n  of t h e  p rocedure  r e s u l t e d  i n  a r e d u c t i o n  of s u r f a c e  error by 38 




SUMMAR Y REMARKS 
A g e n e r i c  s p a c e  s t a t i o n  dynamic model and  a 15 meter hoop column dynamic 
model have been des igned  and  fabricated t o  s t u d y  ground v i b r a t i o n  t es t  and 
a n a l y s i s  methods. F i n i t e  e lement  models have been developed  u s i n g  the 
E n g i n e e r i n g  A n a l y s i s  Language (EAL) program t o  p r e d i c t  t h e  s t r u c t u r a l  
v i b r a t i o n  modes and f r e q u e n c i e s .  Detailed d e s c r i p t i o n s  of the test and  
a n a l y t i c a l  models are p r e s e n t e d  i n  t h i s  report and Ref. 10 and 1 1 .  
The g e n e r i c  sydce s t a t i o n  dynamic t es t  model c o n s i s t s  of f i v e  
s u b s t r u c t u r e s  which can  be i n t e r c o n n e c t e d  i n  many c o n f i g u r a t i o n s .  Special 
f e a t u r e s  of t he  t e s t  model inc lude  qu ick  release marmon clamps t o  f a s t e n  
s u b s t r u c t u r e s  t o g e t h e r ,  t o r q u e  motors t o  allow s o l a r  a r r a y  s l u i n g  8nd 
v i b r a t i o n  f r e q u e n c i e s  of less than o n e  H e r t z .  Cable s u s p e n s i o n  s y s t e m s  were 
I I '  
used  i n  t h e  ground v i b r a t i o n  tests t o  s i m u l a t e  free-free boundary 
c o n d i t i o n s .  
S i x  a n a l y t i c a l  models were developed,  o n e  of each s u b s t r u c t u r e  and  one  
of  t h e  assemblage.  S p e c i a l  features of t h e  a n a l y t i c a l  models a re  model ing 
of t h e  e f fec t ive  honeycomb a d h e s i v e  t h i c k n e s s ,  i n c l u s i o n  of the  cable 
s u s p e n s i o n  s y s t e m  and model ing of d i s t r i b u t e d  g r a v i t y  loads. 
Results of t h e  g e n e r i c  s p a c e  s t a t i o n  modal v i b r a t i o n  t es t s  and a n a l y s i s  
a r e  documented i n  Ref. 9. 
The 15 meter hoop column dynamic test model c o n v i s t s  of three t e s t  
c o n f i g u r a t i o n s .  S p e c i a l  features of t h e  tes t  model i n c l u d e  a d j u s t a b l e  
s u r f a c e  c o n t r o l  cables and  v i b r a t i o n  f r e q u e n c i e s  of l ess  t h a n  o n e  H e r t z .  A 
cable s u s p e n s i o n  sys t ems  was used i n  the  ground v i b r a t i o n  tests t o  s i m u l a t e  
free-free boundary c o n d i t i o n s .  
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A n a l y t i c a l  models were developed ,  o n e  of each t e s t  c o n f i g u r a t i o n  and 
reduced models f o r  c o s t  e f f e c t i v e  dynamic a n a l y s i s .  S p e c i a l  f e a t u r e s  Of t h e  
a n a l y t i c d l  models a r e  t h e  l a r g e  s i z e  of t h e  model (8816 d e g r e e s  of f r e e d o m ) ,  
i n c l u s i o n  of t h e  cable s u s p e n s i o n  sys t em modeled w i t h  d i f f e r e n t i a l  
s t i f f n e s s ,  u s i n g  thermal l o a d i n g s  t o  o b t a i n  correct p r e l o a d s  f o r  s h a p e  
c o n t r o l ,  and  modeling of d i s t r i b u t e d  g r a v i t y  loads. 
R e s u l t s  of t h e  15 meter hoop column modal v i b r a t i o n  tests and a n a l y s i s  
are documented i n  Ref. 1 2  and 13. 
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Substructure 
T a b l e  1 .  Measured and Predicted Model Weights 
Analysis  Measur ed 
-0 '0 
Habitat ion Module p l a t e s  16.931 
beams - 4.703 
Total 




R ad1 a t  or 
Total  
Right Solar  Array 
Total 







x i m i  
mot or 8.010 
bearings 6.380 
plates 26.264 
beams 22.446 rn 
63.100 









Table 2. Center of Gravity and Mass Inertia Properties 
2 Global Coordinate (In.) l l a ~ s  Iner'tia (1b-a /in) 
x Y 2 Ix IY lZ 
Habitation Module 0.0 0.0 -42.506 
Connecting Cube 0.0 0.0 
Radiator 0.0 0.0 
Right Solar Array 54.26 0.0 
Lert Solar Array -54.26 0.0 






' I  
29.51 3 29 a51 3 8.180 
2.22 2.22 2.22 
33.812 24.181 9 . 935 
9..741 441.6 432.01 
9.741 441.6 432.01 
261 . 42 2073.6 1842.5 
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TABLE 3. JOINT LOCATIONS ON 1 5  METEH ANTENNA 
IN G!LOBAL CARTESIAN COOKDINATE SYSTEM 












1 1  
1 2  
13 
































( 0 t o  45 degrees  





































































































0 .0  





























0 . 0  
0.0 
22.46023 
3 3.5 87 7 
44.71 31 2 
68.38491 
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Global 3 Location 















































upper r i n g  




1st r a y  
Lower cable 
lower cable 
lower r i n g  




2nd r a y  
2nd r a y  
lower c a b l e  
lower c a b l e  
lower r i n g  
1 s t  g o r e  
1st gore 
1st g o r e  
1st gore 
1st g o r e  
1st gore 
1st g o r e  
1st gore 
1st g o r e  
1st gore 
1st ray  
1st ray 
1 s t  gore 
1st gore 





1st r a y  
1st r a y  
1 s t  ray 
1 s t g o r e  
1st gore  
1st g o r e  
2nd r a y  






























































































































21 3.7071 8 
21 7.78908 





























































































































1 9.271 81 






1 st gore 
1st gore 




1 st gore 
1 s t gore 
2nd ray 
2nd ray 
1 st gore 
1st gore 
2nd ray 
1 st ray 
1st ray 
1 s t gore 
1 st gore 






1st r 3 y  
1st ray 
1 s t gore 










1 st gore 





1 st ray 
1 st ray 
1 st gore 
1 s t gorp 





























































































































































































































1 3.4601 4 -. 25522 
1 3.08953 
-7.22026 
-1 0.64207 -. 1519 
12.77633 
-56.45236 














8.07 47 9 
-63.4227 
















1st r a y  
1st r a y  
1st r a y  
1 st r a y  
1 st g o r e  
1st gore 
1 st g o r e  
2nd r a y  
2nd r a y  
2nd r a y  
2nd r a y  
1st r a y  
1st r ay  
1 at gore 
1st r ay  
1st r a y  
2nd r a y  
2nd r a y  
1st r a y  
1 st r a y  
upper ring 
1st r a y  
1st r a y  
1 st gore 
2nd r a y  
2nd r a y  
2nd r a y  
2nd r a y  
2nd r ay  
2nd r a y  
upper r i n g  
1 st r a y  
1 st ray 
1Yt gore 
1st r a y  
1 st r a y  
2nd r ay  
2nd r a y  
2nd r a y  
2nd r a y  
1st r a y  
1st r a y  
1 st gore 
1st r a y  
1st r a y  
2nd r a y  
2nd r a y  
1st r a y  
2nd r a y  
1st r a y  
















































































































































































































Global 3 Loca t ion  
( i n .  1 
-7.13851 
4.25163 













































-1 60 .TO894 
46.9147 
45.75671 
1st r a y  
1 s t gore  
2nd r a y  
2nd ray 
2nd r a y  
2nd r ay  
upper c a b l e  
upper cable 
upper c a b l e  
1st r a y  
1st ray 
1st gore  
2nd .nay 
2nd r ay  
upper c a b l e  
u p p e r  cable 
upper c a b l e  
1st  r ay  
1st ray 
i s t  gore 
1st ray 
1st ray 
2nd r ay  
2nd ray  
2nd "ay 
2nd r ay  
1st ray  
1st ray  
1 st gore  
2nd ray  
2nd ray 
c e n t e r  r i n g  
c e n t e r  r i n g  




uppe r  c a b l e  
mast 
upper r i n g  
upper  c a b l e  
upper c a b l e  
upper  c a b l e  
3rd ray 
3rd ray 
lower c a b l e  
lower c a b l e  
lower r i n g  
2nd g o r e  
2nd gore  





































































































































































103 .a251 1 
























1 1  6.93956 
1 1 4.1801 3 
137.44499 
73.09653 









8 4 . 1  1259 
101.0%196 
0.0 




















































2nd gore  
2nd gore 
2nd gore  
2nd gore 
2nd gore  
2nd gore 








2nd gore  
2nd gore 
2nd gore  
2nd gore 




























2nd gore  
2nd gore  
2nd gore 
3 r d  r a y  



























































































































I L L  . JY 00 I ,  




















































" A  r-OL?l- 
I u. 3 1 u33 






























Global 3 Locat ion  


















































3rd  ray 
2nd go re  
2nd g o r e  
2nd go re  
3rd r a y  
3rd r a y  
2nd g o r e  
2nd gore  
2nd g o r e  
3rd  r a y  
3rd r a y  
3rd ray  
3 r d  r d y  
2nd gore 
3rd r a y  
3rd r a y  
2nd gore 
3rd  ray 
3rd ray  
3rd ray  
3rd r ay  
3rd  ray 
2nd gore  
3rd r a y  
3rd ray  
3 r d  r a y  
3rd r a y  
2nd go re  
3rd r ay  
3rd r a y  
2nd go re  
3rd ray 
3rd  ray  
3rd ray  
3rd  ray 
2nd go re  
3rd ray 
3rd r a y  ' w 
2nd gore 
3rd r a y  
3rd ray  
3rd r a y  
3rd ray 
2nd gore  
3 r d  r a y  
3rd ray 
c e n t e r  r i n g  
upper r i n g  
upper cable 
3rd r a y  
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1 4 1  .a5855 
151 ,53479 
1 60.58562 
139.31 41 4 
147.72409 
156.12605 





























































1 1  2,6289 
29.3653 
Locat ion 
upper cab le  
uppe r  cable 
4 t h  ray  
4 t h  ray 
lower c a b l e  
lower c a b l e  
lower ring 
3rd gore  
3rd gore  
3rd gore 
3rd go re  
3rd gore 
3rd go re  
3rd gore  
3rd gore  
3rd gore  
3rd gore  
4 t h  r ay  
upper r i n g  
3rd gore 
3 r d  go re  
3rd gore  
4 t h  r ay  
4 t h  r a y  
3rd gore 
3rd gore  
upper c a b l e  
upper c a b l e  
upper c a b l e  
3rd gore  
3rd gore  
3rd gore 
4 t h  ray 
4 t h  r ay  
3rd gore  
3rd gore  
3rd gore  
3rd gore  
3rd gore  
3rd gore  
4 t h  r a y  
4 t h  ray  
3rd gore  
3rd gore 
4 t h  ray 
3rd gore  
3rd gore  
3 r d  gore  
4 t h  ray 
4 t h  r ay  



























































































































1 30.31 05 
138.78571 































( i n .  1 
194.35961 






















11 2.871 7 
60.4268 
94.071 07 












































































Locat ion  
4th ray 
3rd go re  
3rd gore 
3rd gore 
4 th  r a y  
4 th  ray 
4 t h  r a y  
4 t h  r a y  
4 th  r a y  
3rd g o r e  
3rd gore 
3rd gore 
4 t h  ray 
4 t h  r a y  
3rd gore 
3rd go re  
3rd g o r e  
4 t h  r a y  
4 th  r a y  
3rd, gore  
3rd g o r e ;  
3rd go re  
4 t h  ray  
4 t h  r ay  
4 t h  -ay 
4 t h  r a y  
3rd g o r e  
4 t h  r a y  
4 t h  ray 
3rd gore  
4 t h  ray  
4 t h  ray  
4 th  r ay  
4 th  ray 
4 th  ray  
4 t h  ray 
3rd go re  
4 th  r ay  
4 th  r a y  
4 t h  ray 
4 t h  ray 
3rd gore  
4 t h  r a y  
4 t h  ray 
3rd go re  
4 t h  r a y  
4 t h  r a y  
4 t h  ray 
4 t h  ray 
3rd gore  
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J o i n t  H epea t s 


























( i n . )  
56.37553 
























Loca t Ion 
4 t h  r a y  
4 t h  ray 
3rd gore 
4 t h  r a y  
4 t h  r a y  
4 t h  r a y  
4 th  r a y  
3 r d  gore 
4 t h  r a y  
4 t h  r a y  
c e n t e r  r i n g  



































'TABLE 4. JOINT LOCATIONS ON 15 METER ANTENNA 
IN CYLINDRICAL COORDINATE SYSTEM 
( 0 to 45 degrees ) 




































































































































- 1  1.684 
Location 
m a s t  
lower r i n g  
lower r ing  
mast 
m a s t  
mast 






m a s t  
mast 
mast 








m a s t  
mast 






I m a s t  -- 
I J o i n t  




































































































































44 .0  
44.0 























































( i n .  1 
-44  3 8 4  
-4 4.984 











-1  i 1.584 
-1 4 4  .a84 
-1 4 4  .a84 
-I 4 4  .a84 


















1 1  1.428 
111.428 






































t r i p o d  s u p p o r t  
t r i p o d  s u p p o r t  
t r i p o d  s u p p o r t  
t r i p o d  s u p p o r t  
t r i p o d  s u p p o r t  




t r i p o d  suppor t  
t r i p o d  s u p p o r t  
t r i p o d  s u p p o r t ,  
t r i p o d  s u p p o r t  ’ 
t r i p o d  s u p p o r t  
t r i p o d  s u p p o r t  
t r i p o d  s u p p o r t  
t r i p o d  s u p p o r t  
t r i p o d  s u p p o r t  








































































































trl pod support 
t r ipod  support 








f e e d  mast 
f e e d  mast 
f e e d  mast 
f e e d  mast 
feed  mast 
f e e d  mast 
f e e d  mast 
f e e d  mast 
f e e d  mast 
I I 
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‘TABLE 5. 1ST R A Y  CABLE PROPERTIES 
S E E  FIGURE 16 
Grid G r i d  Extensional  


























































1 1 1  
121 
131 




















































































P re load  

















































U n i t  
Weight 




4 . 2 5 ~ - 6  
4.25E-6 
4 .25~-6  
4.25E-6 
4 . 2 5 ~ - 6  
4.25E-6 
4 .25~-6  
4.25E-6 
























150 .00~-6  
49.20E-6 




49 .20~-6  
49.20E-6 




















1 1 4  
1 4 1  
143 





























1 1 4  
1 4 1  
143 
















St  i f fness , E A  (pound) 















































































25 .30~-6  
25.301~-6 
25 .30~-6  




25 .30~-6  
25.30E-6 
25 .30~-6  
25.30E-6 
25 .30~-6  
2 5 . 3 0 ~ 6  
25 .30~-6  
I . -  -+.--r 
4 Y . L U C  U 
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TABLE 6. 2 N D  R A Y  CABLE PROPERTIES 
S E E  FIGURE 17 
G r i d  G r i d  



























































































8 5  





Extens iona l  Preload 
































































































U n i t  
Weight 
(pound/ in . )  
4 . 2 5 ~ - 6  
4 .25~-6  
4 . 2 5 ~ - 6  
4 . 2 5 ~ - 6  
4.25E-6 
4 . 2 5 ~ - 6  
4 . 2 5 ~ - 6  
4 .25~-6  
4 .25~-6  






7 5 . 9 0 ~ 6  
49.20E-6 















3 5 4 . 0 0 ~ - 6  
3 5 4 . 0 0 ~ 6  
354.00E-6 
1 50.00~-6  
49.20E-6 












































































- A -  
Extensional Preload 
St i'f fness, EA (pound) 































































































TABLE 7. 3 R D  RAY CABLE PROPERTIES 
SEE FIGURE 18 
Grid Grid Extensional Preload 









































































































































































2.5541 1 1  































































































































































































1 1  .12857 
11.12857 
... .enro 












































TABLE 8. 4TH R A Y  CABLE PROPEH'TIES 



















































G r i d  E x t e n s  iona l  Preload 

















































































































































(pound/in.  1 
4.25E-6 






































4 9 .20~-6  
49.20E-6 












































































































































































TABLE 9. 1ST CORE CABLE PROPEHTIES 
S E E  FIGURE 20 
G r i d  
P o i n t  
A 
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1 0 4  
34 
57 




















Gr id  
Po in t  
B 
34 














































Ex t e n s  ional Preload 












































































2.21 61 79 
2.19391 2 
2.1 71 679 
2.1 4901 3 
2.1 36229 
1.545697 






















































4 9 .20~-6  
25.30E-6 
75 .90~-6  
4.25E-6 








Grid G r i d  
Point  Po int  
A B 





























11 -I -iL 11 Q 1u 
Ex t ens  ional Preload 

































































































TABLE 10. 2ND GORE CABLE PROPERTIES 
SEE FIGURE 21 
Grid Grid Extensional 


























































































































































































































































































































































4 .25~-6  
4.25E-6 











4 . 2 5 ~ - 6  










25 .30~-6  
25.30E-6 
25 .30~-6  
4.25E-6 
4 .25~-6  
TABLE 1 1 .  3 H D  GOHE CABLE PHOPEHTIES 
S E E  FIGURE 22 
Grid  Grid 



























41  4 
437 
4 2 4  
434 
4 4 4  
4 5 4  
464 
47 4 
4 8 4  





























































Ex t e n s i o n a l  








































































































4 .25~-6  
4.25E-6 














4 .25~-6  
4.25E-6 
4 .25~-6  
4.25E-6 












































412 42 8 





























900. ', -901 
16b00. 
1 6000. 
















































4 .25~-6  
4.25E-6 
4 .25~-6  
147.00E-6 








4 .25~-6  


















TABLE 1 2 .  HOOP SUPPOH'r CABLE PHOPEHT IES 
SEE F I G U R E  23 
G r i  d 
Po in t  
A 
1s 
1 4  










































G r i d  Extens iona l  Pre load  
Po in t  S t i f f  nes s ,  EA (pound ) 
B 
1 4  
1 3  
1 2  










































































































































(pound/ i n .  ) 
72. O O E - ~  

























1 7 2 . 0 0 ~ 6  








1 72 .00~-6  
172.00E-6 




98 .00~-6  
98.OOE-6 
v . OOE-b 
78 
TABLE 13. l S T ,  2ND AND 3RD GORE T R I A N G U L A R  WEB PROPERTIES 
SEE FIGURE 24, 25 and 26 
Shear s t i f f n e s s  = 0.41 pound/in. 
Weight = .345E-04 poundlsq. i n .  
Grid 





























































































G r  i d  Extensional S t i f f .  
P o i n t  (pound/ in. 1 































































.70 - 70 





















































7 9  
Preload 
(pound/ in . )  

























































































(; r i tl 


















































4 3  
53 
Cr i d  



























































7 4  
84 





















































































































































































































































































































































70 . 70 
-70 


































































































SEE F I G U R E  27 
E = 16.72E+06 p s i  
Dens i ty  = 0 
Preload = 0.0 i n  a l l  mast e l e m e n t s  
G r i d  













































G r i d  













































I1 & I 2  













































( i n .  **4) 










0 . 0  
0.0 
0.0 
o i o  
0 . 0  
0.0 
0 . 0  
0 .0  







0 .0  




; 0 . 0  
' 0.0 








0 .0  
0.0 
0 .0  
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Area 













































( i n .  **4) 










































b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t  t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  , 
b a t t e n  
b a t  t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
Grid 



















































1 0 I, IVL) 
G r i d  




















































I Y V  
11 h 12 


























































































































































( in .**4)  



















b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  
b a t t e n  































.0012294 , b a t t e n  
.0012294 b a t t e n  
l o n g e r o n  
longe ron  
longe ron  
1 ongeron 
longe ron  
longe ron  
l o n g e r  on 
l o  nger on  
l o n g e r  on 
longe ron  
long  e ron 
longe ron  
longe ron  
longe ron  
longe ron  
longe ron  
1 ong er on 
longe ron  
1 ong er on 
longe ron  
longe ron  
longe ron  
1 ong e r o n  
longe ron  
longe ron  
1 o nge r on 
1 ong e r o  n 
l onge ron  
longe ron  
longe ron  
~~ ~ 
Grid Grid 




























































































































































( in .**4)  
0.0 
0.0 


















































( sq . in. 1 













































.O 1 350 























































long er on 
1 onger on 
longeron 
1 onger on 






























d i agona 1 









d i a go na 1 
d i agona 1 
d i agona 1 
























































































(sq . in. 1 


























( in .**4)  



















































TABLE 15. SEMI-RIGID, SPREADER BAR A N D  HOOP BEAM PROPERTIES 
S E E  FIGURE 23, 28, 29 and 30 
YOUNG'S MODULUS: 
Hoop Elements = 16.72E+06 p s i  
Mast to  cable elements  = 10.6E+06 p s i  
Spreader bar e lements  = 10.4E+06 p s i  
G r i d  Gr id  






















1 4 7  


































I1 & 12 




























Densi ty  


























































J Preload Type 
( in .**4)  Stress  






























-925.2 1 hoop 
3.5 
3.5 



























-5.20 ba r  
-9.58 bar 
-9.59 b a r  
TABLE 16. 15 METER ANTENNA TRIPOD SUPPORT STRUCTURE BEAM PROPERTIES 
SEE FIGURE 31 
PRELOADS: 
YOUNG'S M3DULUS: 
A l l  s u p p o r t  s t r u c t u r e  preload stress = 0.0 p s i  
E = 10.OE+06 ps i  
























DENSITY = 0. 
G r i d  























I1 & I2 












































' 0 . 0  
Area 



































1 . 4 4  
1 . 4 4  







TABLE 17 .  15 METER A N T E N N A  FEED MAST BEAM PROPEKTIES 
S E E  FIGURE 32 
A l l  f eed  mast p re load  s t r e s s  = 0 . 0  p s i  
I' dELOA DS : 
YOUNG'S PDDULUS = 30.OE+06 psi  
WEIGHT D E N S I T Y  = .L8L l b / in**3  
G r i d  G r i d  1 1  & I% Alpha Area J TY pe 


































































































































1 .o  
1 .o 
1 .o 
1 .o  
1 .o 
1 .o 
1 .o  
1 .o  
1 .o 
1 .o  
1 . o  
1 .o  
1 . o  
1 . o  
1 . o  
1 .o  
1 . o  
1 .o  
1 . o  
1 . o  
1 . o  
1 .o 
1 .o  
1 .o  
1 .o  
1 .o 
1 .o  
1 .o  
1 .o 
1 .o  
1 .o  
1 .o 
1 .o  
1 .o 
1 .o  
1 .o  
1 .o  
1 .o  
1 .o  
1 .o  
1 . o  
1 . o  





























































.010072 longeron . 01 0072 longeron . 01 0072 1 onger on 
.0009652 b a t t e n  
.0009652 b a t t e n  
.0009652 b a t t e n  
.0009652 b a t t e n  
.0009652 b a t t e n  
.0009652 b a t t e n  
.0009652 b a t t e n  
.0009652 b a t t e n  
.0009652 b a t t e n  
.0009652 ba t  t e n  
.0009652 b a t t e n  
.0009652 b a t t e n  
.0009652 b a t t e n  
.0009652 b a t t e n  
.0009652 b a t t e n  
.0009652 ba t t en  
.0009652 b a t t e n  
.0009652 b a t t e n  
.0009652 b a t t e n  
.0009652 b a t t e n  
.0009652 b a t t e n  




































I1 & I 2  Alpha Area J TY Pe 

































































































































TABLE 18. 15 METEH A N T E N N A  LUMPED MASSES AT MID POINTS 
G r i d  

























































































































































Grid P o i n t  
I ncr ement 
1140 
1 1  40 
5'70 
570 
1 1 4 0  





1 1  40 





1 1 4 0  











1 1  40 
1 1  40 
5'70 
1 1  40 








1 1 4 0  





1 1 4 0  
1 1  40 















1 1 1  
112 
113 
















1 4 1  
142 
143 
1 4 4  
145 
146 
1 4 7  


































1 .424870E-d6 ' 
5.077720E-06 
5.207254E-06 
1 3. '1305r[0E-06 
7.331 606E-06 









1 1  .139896E-06 
134.326400E-06 
1 1 .683940E-06 
30.051 820E-06 
30.051 81 OE-06 
42.84974OE-06 




















































' I  
.I 
'I 







Grid P o i n t  
Increment 





































1 1  40 
5 70 








































































1~4~ .000000E-06  
1943.000000E-06 
30.051 81 OE-06 
30880.000000E--06 
31 .139900E--06 


























































































Grid Poin t  
I ncr ement 
1 1 4 0  
S'IO 
S 70 
1 1  40 


































































































Mass No. of 


















1 0.02591 OE-06 
4.66321 2E-06 
12.7461 1 OE-06 ' 
4.352332E-Ob ' 
3.186528E-06 














































































Grid P o i n t  


























1 1  40 
1140 
1 1  40 
570 
570 
1 1  40 
1 1  40 
5 70 
5 70 
1 1  40 












1 1  40 
1140 
1 1  40 
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G r i d  







































































































No. of Grid Point 





























































1 1  40 
570 
5'70 
1 1  40 














1 1  40 
1140 
1 1  40 
1 1  40 
1 1  40 
1140 
1 1  40 
1140 
1 1  40 
570 
1 1  40 
1140 
1 1  40 
Grid  































































































6 91 0.000000E-06 
691 0.000000E-06 
691 0.000000E-06 
1 081 3.000000E-06 
1081 3.000000E-06 
I 081 3.000000E-0 6 












































f e e d  mast 
f e e d  mast 
f e e d  mast 
f e e d  mast 
f e e d  mast 
f e e d  mast 
f e e d  mast 
f e e d  mast 
f e e d  mast 
TABLE 19. REDUCED MODEL J O I N T  LOCATIONS I N  GLOBAL CARTESIAN 
COORDINA’I‘E SYSTEM 





2 4 4  0 
245 0 
246 0 




25 1 0 
252 0 















( i n .  1 
0.0 
0.0 
0 . 0  
0 .0  






0 .0  
0.0 
0 .0  
0.0 
0 .0  
0.0 











( i n .  1 
















0 .0  
0 .0  
0.0 
0.0 
















































c a b l e  a t t a c h  
cab le  s l i d e  
mast sl i d e  
f e e d  mast 
f e e d  mast 
f e e d  mast 
f eed  mast 
f eed  mast 
f e e d  mast 
f e e d  mast 
f eed  mast 
f e e d  mast 
f e e d  mast 
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TABLE 20. HEDUCED MODEL JOINT MCATIONS 
I N  CYLINDRICAL COORDINATE SYSTEM 
Jo in t  
Number 
1 

































Repeats/ Radia l  
































































. I n  I u n n  





































I ,  
Global 3 Locat ion  


































. C  - . I - , .  
-22 . a 4  
1st r a y  
2nd r a y  
3rd r a y  
4 t h  r a y  
5 th  r a y  
6 t h  r a y  
1st ray 
2nd r a y  
3 r d  ray  
4 t h  r ay  
5 t h  r ay  
6 t h  ray 
1st ray  
2nd ray 
3rd ray 
4 t h  r ay  
5 t h  r a y  
6 t h  ray 
1st ray  
2nd r a y  
3rd  r ay  
4 t h  r a y  
5 t h  ray  
6 t h  r ay  
1st ray  
1st r a y  
1st ray  
1st r a y  
1 st  ray 
u p p e r  r i n g  
t r i p o d  suppor t  
t r i p o d  suppor t  
t r i p o d  suppor t  
t r i p o d  suppor t  
97 
G r i d  




















TABLE 21. HEDUCED MODEL R A Y  CABLE PROPERTIES 
S E E  FIGURE 33 
C r  i d  




















Ex tens ional  







































1 1  .12914 
U n i t  
Weight 
( pound/ i n .  
4.25E-6 
4 .25~-6  
4.25E-6 
75 .90~-6  
75.90E-6 




1 50 .00~-6  
73.60E-6 
4 9 .20~-6  
25.30E-6 
25 .30~-6  
49.20E-6 
2 5 . 3 0 ~ - 6  
25.30E-6 





TABLE 22. REDUCED WDEL 1ST CORE CABLE PROPERTIES 
SEE FIGURE 34 
Grid Ex t ens ional Preload U n i t  
Point Stiff ness ,  EA (pound 1 Weight 
B (pound) (pound/in. 1 



















































TABLE 23. REDUCED MODEL HOOP SUPPORT CABLE PROPEHTIES 





























































TABLE 24. REDUCED MODEL THAPIZOIDAL WEB PROPERTIES 
SEE FIGURE 34 
Shear st iffness = 0.41 pound/in. 
Weight = .345e-4 pound/sq. i n .  
Grid Grid  G r i d  G r i d  Extensional  S t i f f .  Preload 
Poin t  Poin t  Poin t  Poin t  (pound/in.)  (pound/ i n .  
A B C D A-B 90 deg. A-B 90 deg. 
15 5 4 1 4  .70 2.50 .01999 .00999 
1 4  4 3 13 .70 2.50 .01999 .00999 
13 3 2 12 .70 2.50 . 01 999 .00999 
12 2 1 1 1  .70 2.50 .01999 .00999 
I 




TABLE 25. REDUCEn MODEL MAST BEAM PROPERTIES 
S E E  FIGURE 36 
Preload = 0.0 i n  a l l  mast elements 
G r i d  Gr id  11 ti 1 2  Alpha 



















































(sq . in .1  (in.**4) 
.387 



























1 ong e r on 
longeron 
1 ong e r on 
1 ongeron 
1 ong e r on 
longeron 
1 ong e r  on 
longeron 
1 02 
TABLE 26. REDUCED MODEL CABLE/MAST ATTACHMENT AND HOOP BEAM PROPERTIES 
SEE FIGURE 35and 36 
PRELOADS: 
Hoop elements ,  
Mast t o  c a b l e  elements,  tensile stress = 3.51 p s i  
compression stress = 937.03 p s i  
G r i d  G r i d  I1 b I2 Alpha Area J Type 
Po in t  Poin t  ( ln.**4) (in.**4) (sq. in .1  (in.**4) 
A B 
5 15 .26156 0.0 .34707 .52312 hoop 
15 25 .26156 0.0 .34707 .52312 hoop 
25 35 .26156 0.0 .34707 .52312 hoop 
241 10 900.00 0.0 900.00 900.00 mast 
241 20 900.00 0.0 900.00 900.00 mast 
241 30 900.00 0.0 900.00 900.00 mast 
24 1 40 900.00 0.0 900.00 900.00 mast 
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TABLE 27. REDUCED MODEL THIPOD SUPPORT BEAM PHOPERTIES 
S E E  FICUHE 37 
PRELOADS: 
A l l  s u p p o r t  s t r u c t u r e  p r e l o a d  stress = 0.0 p s i  
G r i d  Grid 11 & 12 Alpha  Area J 





































































ba t ten  
ba t ten  
b a t t e n  
r a d i a l  
r a d i a l  
r a d i a l  
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TABLE 28. REDUCED MODEL FEED MAST BEAM PROPERTIES 
SEE FIGURE 38 
PRELOADS: 
Weight Dens i ty  = .282 l b / in**3  
E = 30.0e+06 psi 
A l l  feed mast p re load  stress = 0.0 p s i  
Grid G r i d  11 & I2 Alpha Area 







27 1 272 
272 273 













































J TY Pe 














r i g i d  
longe ron  
longe ron  
longe ron  
longe ron  
longe ron  
l o n g e r o n  
longe ron  
longe ron  
1 o nger  on 
longe ron  
longe ron  
longe ron  
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TABLE 29. REDUCED MODEL LUMPED MASSES AT G R I D  POINTS 
Grid 



























No. of Grid Poin t  
( lb--sec**2/ in)  ( lb-sec**2-in)  Repeats Incrament 
Mass I1 I 2  1 3  








. O l  1 10000 
. O l  1 10000 
,011 10000 
. O l  1 1 0000 
.22 1 10000 
.01110000 
.01110000 
. O l  1 10000 



















































































































1 -  
Cables  and M(.:iII - -  - -  -- -_- 
web 
iipper. hoop 
1 ower h o o p  
GO ' I  
G O 3  
GO 2 
GO 1 
o t h e r s  
t o t a l  c a b l e s  
1 limped 


















T o t 2  I 301 . 1 1 1 391.1 









0.0  u . 0  l l ' / . l l O  I (dl9 1 0 .  1 0 l ' ~ l U .  







































































































Figure 8. Right  Solar Array Sandwich Honeycomb Plate Elements 
1 1 6  
23.83 
1 (Cable attachment) 
Figure 5). Right Solar A r r a y  Truss, S11aft and L S u p p o r t  Beam 
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II ,HOW SUPPORT CABLE UPPER MAST 
SURFACE 
1 
m I + 
m J 
0 fu 










































90' 7th nay 
I 
I 
270' 19th Ray 
3 Repeats 
Spreader bar 
cab1 e I itoop g r i d  p o i n t  
Beam cables dIf7 ci +o 
cables 
Surface control 
t i e  
, es 
/ 
9 G l o b a l  3 
. & F 7  
10S0 8th Ray 75' 6th Ray 
165 0 12th Ray L4 f iM 15O 2nd Hay 
I >  
195' 14th Ray ~ ~ ~ 3 4 5 '  24th Ray 
P'1 
I \  




Beam cables H O g i :d+8 
sb - 
Vertical t i e  
cabl es 
SurPace control Catinary cables 
Edge chord 
cabl ea 
-+ Global 3 
Figure 1 1 .  hay Cables ana Grid Poir, 
125 
1,ocaLiuns ( 15 dr-grets 1 
210' 15th Ray \d? 330' 23 Ray 
240' 17th Ray 300' 21st Ray 
7 Repeats 
Spreader bar [ cable 
Beam cables  
Vertical t i e  
Surface control Catinary cables  
209 
9 Global 3 
F i g u r e  18, 
225' 16th Ray 31 5' 22nd Kay 
3 Repeats 
Spreader bar 





Surface control  Catinary cabl es 
c a b l  es 
4 --- .__ ,: Core -------- -. -_ 
1 I I 
\k----- - 
15' 2nd Ray 
0' 1st Ray \ 
jzr- - - - 
7 Repeats 
7 Repeats 
F i g u r e  21.  -2nd Gore Cable  Grld P o i n t  Locations (15 t o  30 degrees)  
129 
. --- 
3rd Gore 7  
45' 4th Ray 
\ 
I 
30' 3rd Ray 
7 Repeats 
Spreader bar beams 
F i g u r e  2 2 .  Hoop Supp0r.t Cables (0  to 45 degrees) 
131 
Q 
45' 4th Ray 
0 
VI 


























































. Global 3 
.(in). I 
- 7$, 2R& 
rrr,%!B --- 
3 33 
334 AxRadia1 331 
Figure 2'1. M k s t  T r u s v  Beams <And G r i d  P d i n t  Locations 
180' -- 
Ring gr id  points 
grid p o i n t  196 
Canter grid p o i n t  = 196 
Locate.1 on Mast 





3 .90  
0 
Globdl3 






P l u s  90 Degree Hoop Cable Attacnments - 
Radius = 12.0 i n .  
Global3 = 210.473 i n .  goo Located on mast 
Center g r i d  point  = 221 
(see F i g .  27) 
I Global3 = 211.328 in. i 
?I9 




Minus 90 Degree Hoop Cable Attachments ------ - ----- -. 
Radius = 12.0 i n .  
Global3 = 210. i n .  
180' --- 
goo 
Center g r i d  point  = 221 
Located on mast 
( s e e  F ig .  27) 












Lower I-Loop C d b l e  Attachment:, 
__I______ - ___- --___ - 
Cente r  g r i d  point, = 1 
goo Located O n  mast 
R a d i u s  = 14.02286 i n .  
Global3 = -160.70894 i n .  
1 (see F ig .  2'1) 
Global3 = --161.5b> i n .  i 
t I l n  
180' - 
3 9 3 0  
- 
'9  







r -  @ = Pinned joint 270 




4 2 7 2  
4 S 6  
4 5 L 3  






3 4 2 ,  58 
324, 64- 
366. 70 
2 3 4 .  y4- - 
1 e m e n t s  and G r i d  P o i n t  Locat ions 
Hoop grid  point- 
Beam cables 7 A .  
t ie  
i 
Surf ace apt rol 
3 
F i g u r e  3.3. Heducad Model 1st Ray Cab11 Locations ( 0  degree,;) 
1 4 1  
~~~ ~ ~~-~~~ 
15' 2nd Ray 0' 1st Ray 
5 
Figure 34 .  Reduced Model 1st  Gore C a l J i f !  , ~ r l t l  W e t )  L l e r r r e n t s  
( 0  t o  1 5  degrees)  
142 
253 
Upper Cable A t  tactunent 





Upper cable-  
attachment ? 
Support cab1 e 
:enter ring cable 
attachment 





F i g u r e  36. tcc,duced Model Mast Elemcri ts 




Figure  3 7 .  Reduced Model Tripod Support Structure  
145 
- 1  1.684 
-22.684 
-178.684 




sleeve point  A' 
7-61? 
Semi-rl gi  d beam - '"I 24-1 
Global 3 
71n) 
- - 349 . t3  
- 34-L.5$ 
i 
Figure 38. Reduced Model Feed Mast 
1 4 6  





z- 531,OO P 7 9  
24b 
Figure 39. C a b l e  Grid Poin t s  for Full and Reduced Model 
1 4 7  
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15 meter hoop column a n t e n n a .  T e s t  and a n a l y t i . c a 1  e i g e n v a l u e s  f o r  bo th  
c o n f i g u r a t i o n s  a re  r e f e r e n c e d .  Discussctd i s  t h e  s p e c i a l  j o i n t  clinii n a t i o n  
sequence  used f o r  t h e s e  l a r g e  f i n i t e  e lement  mode I s ,  so t l ~ ~ l .  c!.i.gcnv;i I.ucs 
c o u l d  b e  e x t r a c t e d .  
The g e n e r i c  s p a c e  s t a t i o n  model. a i d e d  t e s t  c o n f i g u r a t i o n  d e s i g n  
and a n a l y s i d t e s t  d a t a  c o r r e l a t i o n .  The model c o n s i s t e d  of  s i x  f i n i t e  
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mesh membrane e lements  were a t t a c h e d  t o  form f o u r  p a r a b o l i c  shaped  a n t e n n a e ,  
one per  quadrant .  Imposing t h e r m a l  p r e l o a d s  i n  t h e  c a b l e s  and  mesh e l e m e n t s  
produced p r e t e n s i o n  i n  t h e  f i n i t e  e lement  model. Thermal p r e l o a d  v a r i a t i o n  
i n  t h e  n i n e t y  s i x  c o n t r o l  c a b l e s  was a d j u s t e d  t o  m a i n t a i n  a n t e n n a  s h a p e  
The second c o n f i g u r a t i o n  i s  a 
The 15 meter hoop column a n t e n n a  i s  
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